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In this new southern phosphate 
plant, dependable WILFLEY pumps 
handle difficult pumping jobs effici- 
ently and economically. Materials 
handled include acid, hot acid 
sludge and phosphate tailings. 
Wherever installed, these famous 
pumps—both Acid and Sand—con- 
sistently increase production and 
create substantial dollar savings in 
power and maintenance. 


Acid 


“COMPANIONS IN ECONOMICAL OPERATION ” 


Sand pot 


®@ Cost-saving efficiency 
Stepped-up production 


®@ Continuous operation without 
attention 


® Minimum replacement of parts 
®@ Designed for simple installation 


®@ Economicai pump size for 
every requirement 


Individual engineering on every ap- 


plication. Write, wire, or phone for 
complete details. 


DENVER, COLORADO, U.S.A. © NEW YORK OFFICE: 1775 BROADWAY, NEW YORK CITY 
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APRIL 1954 


COVER 

This month the cover is inspired by White Pine mine, located in the Michigan Upper 
Peninsula. Here a town, mine plant, mill, power plant, and all the other ports of 
big operation are rising in the northern woods. For the story of White Pine’s pioneering 
in mining methods turn to page 381. 


FEATURES 
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Books 344 Personals 
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Mining News 357 Coming Events 
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ARTICLES 
Uranium—Hints for the Miner and Prospector 
White Pine Mine Development Richard F, Moe 


Development of the Quebec-Labrador Iron Ore Deposits 
W. H. Durrell 


Philip Simmons 


What Differentiates the Geophysical Engineer? 


James B. Macelwane 


TRANSACTIONS 


Mather Mine Uses Pipeline Concrete 
in Underground rations Harry C. Swanson 


Effects of Oxidation of Coals on Their Flotation Shiou-Chuan Sun 


New Techniques for Evaluating Natural Corundum Ores 
Howard F, Carl, Howard W. Jaffe, and Arthur Hockman 402 
407 


Suspension Preheating of Dry Pulverized Materials G K. Engelhort 


Solid State Bonding in Iron Ore Pellets 
Strathmore R. B. Cooke and Robert E. Brandt 


Flotation of Oxidized Zinc Ores 
M. Rey, G. Sitia, P. Raffinot, and V. Formanek 416 


Leasing of Government Potash Lands H. 1. Smith 421 
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— Personne! Service — 


Ts following employment items are made 
available to AIME members on a non- 
profit basis by the Engineering Societies Per- 
sonnel Service, Inc., operating in cooperation 
with the Four Founder Societies. Local offices 
of the Personnel Service are at 8 W. 40th St., 
New York 18; |00 Farnsworth Ave., Detroit; 
57 Post St., Sam Francisco; 84 E. Randolph St., 
Chicago 1. Applicants should address all mail 
to the proper key numbers in care of the 
New York office and include 6c in stamps 
for forwarding and returning application. The 
applicant agrees, if placed in a position by 
means of the Service, to pay the placement 
fee listed by the Service. AIME members may 
secure a weekly bulletin of positions avail- 
able for $3.50 a quarter, $12 a year. 


MEN AVAILABLE 


Metallurgical Engineer, B.S. in 
mineral dressing. Graduate Michi- 
gan College of Mining and Tech- 
nology 1950, 27, married, one child. 
Three years experience mining, 
crushing, washing, drying, and 
grinding. Experimental test work 
in flotation. Available immediately; 
prefers Midwest. M-67. 


Mining Geologist or Engineer, 27, 
married. Three years experience 
metal mining as geologist. Activi- 
ties included mine prospecting sur- 
face and underground; exploration 


drilling programs and prospect and 
mine examinations. Two summers 
engineering experience mining and 
highways. B.S. degree includes 50 
credits geology and 40 credits engi- 
neering. Desires position geologist 
or engineer in Midwest. M-66. 


I Engineer, 47, married, 
with record of accomplishment in 
charge of efficient low cost mining 
and ore dressing operations. Broad 
experience mechanized mining, 
safety, union labor relations, and 
preparation of reports. Available 
reasonable notice. Prefers U. S. 
M-68-526-E-3-San Francisco. 


Mining Engineer-Geolegist, 30, 
single, aggressive, and conscientious. 
Five years well-rounded experience 
with metal mines in engineering ca- 
pacity; knowledge Spanish and Ger- 
man; desires opportunity for ad- 
vancement; will consider any loca- 
tion but prefers Southwest. M-69. 


—— POSITIONS OPEN —— 


Mining Engineer experienced in 
open pit mining. Should have pre- 
vious experience in construction. 
Will perform some _ construction 
work and then will develop into 
straight mining engineering. Salary, 
$7200 to $8500 a year. Location, 
North Carolina. Y9671(a). 


Assistant Mine Superintendent. 
Three-year contract, passages and 
expenses both ways for man, wife 
and two children; furnished house 
with utilities provided. Salary, $7800 
a year. Location, Bolivia. Y9673. 


SALES ENGINEER 


Excellent opportunity offered 
mining or metallurgical engi- 
neer presently engaged in sales, 
preferably in Midwest, as West- 
ern Advertising Manager for 
AIME publications. Will work 
out of Chicago after brief train- 
ing in N.Y. Heavy technical 
sales background more impor- 
tant than previous advertising 
experience. Write: Manager of 
Publications, AIME, 29 W. 39 
St., New York 18, N.Y. 


COAL MINE SUPERINTENDENT— 


age 50 married. 15 years as min- 
ing engineer, 13 years as superin- 
tendent. Experience with convey- 
ors and all types of mechanical 
loading equipment. Have proven 
ability to oversee complete opera- 
tion, including labor relations, 
Preparation, maintenance of equip- 
ment, safety, and underground op- 
erations. Desires position as super- 
intendent for progressive mining 
company. 
Box B-3 AIME 

29 W. 39 St., New York 18, N. Y. 


GRINDING 


MILLS 


CONICAL MILLS 
TRICONE MILLS 
ROD MILLS 
CYLINDRICAL MILLS 
TUBE MILLS 

BATCH MILLS 


Write for Bulletin AH-440-2 


HARDINGE 


COMPANY INCORPORATED 


YORE. Arch Mam amd Works 
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| ORE CONVEYOR 


DWIGHT-LLOYD, inc 


continuous weigher 


FULLY AUTOMATIC - EASILY INSTALLED 


Write for Bulletin 301 


Division of 
Machinery Corp. 


DIAGONAL DECK 


No. 6 


CONCENTRATOR 


onal Dec 


SuperDuty Easily Excels 


in Concentrating Efficiency 


In the aapenation of minerals, the SuperDuty Diag- 
Concentrating Table is superior in its 


treating range to any other table or process in com- 
mon use y. 

Due to its design and construction it produces 
higher grade concentrates, leaner tailings and a re- 
duced middling load for recirculation, while han- 
dling more tons of new feed per day 

For full information, send for Bulletin 118-B. 


THE DEISTER CONCENTRATOR COMPANY 


The Original Deister Co., Incorporated 1906 
923 Glasgow Ave. Fort Wayne, Ind. U.S.A. 


4 ACCURATE 10 
‘ 
3 a 
| 
: | 
inter Avenue, Netcong, New Jersey 
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| 
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The Eimco 105 with discharge 
heights to reach into these high 
railroad cars will load at the rate 
of 250-400 yards of rock per hour 
depending on travel distance. 

Faster loading with Eimcos is ac- 
complished with its exclusive fea- 
tures of immediate reversal, inde- 
pendently controlled.tracks, heavy 
all steel construction and many 
other features such as full track 
oscillation with loading attach- 

accessibility to all work- 

parts and shifting gears be- 

Humeen speeds or forward to reverse 
stopping. 

Eimco 105’s have torque con- 

and Unidrive transmissions. 

ey ore available with scrubbers 


at 


VATOR 
EXCA 
T TRA 
NES 
WORLD 
| = 4 
& 
Trove! 85’ looding 250-300 tons per hour, 
Export Offices: Eimco Bldg., 52 South St., New York City’ Salt ty; Utah—U.S.A 


Miners like Le RoMCLEVELAND 
HC23RW Reverse Air Feed Drifters 


Management does, too 


Faster Steel Changes! No swing or dump nuts to loosen 
and reset, Your miners simply swing d-ifter on feed cylinder 
and change steels, {t's not only easy — it leis them drill out 
the round foster. 


No Stuck Steels! Positive air feed keeps drills working at 
peak efficiency, avoids stuck steels, 


Wigher Drilling Speeds! Pesitive cir feed plus proper 
force of b'ow and s rony rotation give faster drilling speeds 
with both steel and tungsien carbide bits. You get longer 
bit life, too, and drit! more footage, 


Low Upkeep Cost! No feed screws or feed-screw nuts 
to wear, No complicated power-feed mechanism to give 


Euisy Operate! Built to tighten the load on your miners. 
Feed controls conveniently located. Reverse air feed with- 
draws steel from hole quickly. 


Faster Set-wps! The combination of Le Rol-CLEVELAND 
Air Feed Drifters and oir columns gives you « unit that con 
be set Up easily and quickly, And you can get the air col- 
in ony height you want. 


Sele 


A 


drilling cycles 


Roi-CLEVELAND Mine Jumbo 
with four-foot steel-change Air Feed Drifter 


Saves time drilling lifters! 
Lets your miners drill the right 
round for any ground! 


You couldn’t ask for more from a mine jumbo than the 
performance you get from this new Le Roi-CLEVE- 
LAND. It’s got plenty of stuff. And the payoff for 
you is faster cycles, greater tonnage per man-shift, 
lower costs! Here’s why: 


Self-leveling, air-motor-powered arm, lets min- 
ers spot and space holes quickly and easily, for the 
most efficient fragmentation. They don’t have to loos- 
en a bolt or tilt a boom, to complete the drilling cycle. 


Here’s a Le Roi-CLEVELAND Self-Level- 
ing Mine Jumbo and HC23RW Air Feed 
Drifter with four-feot steel change in @ 
Western sing and copper mine. 


Exclusive rigid screw and gearing mechanism 
keeps the heading straight, cuts down overbreak and 
underbreak. Keeps the drifters in line, prevents the 
steel from binding, reduces chuck wear. 


Offset arm provides plenty of clearance to drill 
lifters — without having to take time out to swing 
the drill under the arm, 


You can get this Le Roi-CLEVELAND Self-Level- 
ing Mine Jumbo in either single-arm or double-arm 
construction. Write for further information and see 
for yourself how either model can help you get more 
done every shift. 


A compact Le Roei-CLEVELAND air motor 
powers the arm of this mine jumbo — lets 
miners take It easy, yet get more done. 


CLEVELAND ROCK DRILL DIVISION 
12500 Berea Road, Cleveland 11, 


Plants: Milwavkee, Cleveland and Greenwich, O, 


. 


HEWITT-ROBINS# 


EXECUTIVE OFFICES, STAMFORD, CONNECTICUT | 
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It’s The Hewitt-Robins 
Mine Type Shuttle Conveyor 
With Fixed Tripper 


The Hewitt-Robins Mine Type Shuttle 
Conveyor with fixed tripper forms the 
final link in a complete belt conveyor 
system that can handle an uninterrupted 
flow of ore directly from the face to the 
surface as fast as any mechanism can 
produce it. 

This versatile unit is the key to truly 
continuous mining. The Shuttle Con- 
veyor is both extendable and retractable 
—can follow the progress of mining and 
at the same time maintain a fixed trans- 
fer point through a fixed tripper and is 
extendable to 600 or 700 feet. 

As the working face advances, the 
Shuttle Conveyor can closely follow the 
mining machine and receive its load 
either directly or from an intermediate 
transportation unit such as shuttle car 
or loading machine. The Shuttle Con- 
veyor is so designed that alignment can 
be properly maintained by mounting 
small guide rollers on standard roof-jacks 
along each side of the conveyor frame, 
when operating off-track. When track- 
mounted, the guides are not required. 

Remember, when it comes to any type 
of belt conveyor or complete belt con- 
veyor systems, only ene company — 
Hewitt-Robins—can assume single and 
unified responsibility for successful op- 
eration. For only Hewitt-Rcbins designs, 
engineers, manufactures and installs both 
the belt and machinery. 


INCORPORATED 


DOMESTIC DIVISIONS: Hewitt Rubber ©¢ Robins Conveyors © Robins Engineers © Restfoam 
FOREIGN SUBSIDIARIES: Hewitt-Robins (Canada) Ltd., Montreal © Hewitt-Robins Internationale, 
Paris, France * Robins Conveyors (S. A.) Ltd., Johannesburg « EXPORT DEPARTMENT: New York City. 


Here is a partial list of 
HEWITT-ROBINS PRODUCTS 


that will help you 
cut handling costs and 
increase operating efficiency. 


MACHINERY 


Belt Conveyors 

Belt & Bucket Elevators 
Car Shakeouts 
Conveyor Idlers 
Dewaterizers 
Mechanical Feeders 
Foundry Shakeouts 
Mine Conveyors 
Reclaiming Systems 
Screen Cloth 

Stackers & Trippers 
Vibrating Conveyors & Screens 


INDUSTRIAL RUBBER 
PRODUCTS 
BELTING: 

Conveyor 

Elevator 

Transmission 


HOSE: 
Acid 
Air & Air Drill 
Barge Loading 
Dust Suction 
Fire 
Fuel Oil & Gasoline 
Gasoline Pump 
Mud Pump Suction 
Oil Suction & Discharge 
Propane-Butane 
Road Builders’ 
Rotary Drilling 


Tank Car & Tank Truck 
Vacuum & Air Brake 
Water & Water Suction 
Welding, Twin-Weld® 


For information and service on in- 
dustrial rubber products, contact 
your Hewitt-Robins Industrial Sup- 
ply Distributor. Through his com- 
plete stock of Hewitt-Robins Rub- 
ber products, and his familiarity 
with local field conditions, he can 
fill your supply needs promptly and 
correctly. See Classified Phone 
Book for the Hewitt-Robins Indus- 
trial Supply Distributor serving your 


area. 136 
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Japan’s Natural Resources and Their 
Relation to Japan’s Economic Future, 
by Edward A. Ackerman, University 
of Chicago Press, $25.00, 655 pp., 
1953.—A study of the country’s phys- 
ical endowments, including mineral 
industries, energy sources, and water 
supply, in relation to the basic needs 
of the population, and of the possi- 
bilities of integrated resource man- 
agement. Excellent photographs, 
maps, charts, and tables make this 
book valuable for reference. 


Books for Engineers 


A Field Guide to Rocks and Minerals, 
by Frederick H. Pough, Houghton 
Mifflin Co., $3.75, 333 pp., 254 photo- 
graphs, 72 in full color, 1953.—A 
pocket book “comprehensive enough 
for the serious collector and basic 
enough for the beginner in mineral- 
ogy.” The text lists important phys- 
ical characteristics, identification 
tests, and geographical occurrences. 
Tables, end-paper diagrams, and a 
glossary of geological terms used in 
the book are included. 


CAL-WIC Industrial Screens for the 
metal mining industry are fabrica- 
ted of the toughest steels and alloys 
to give long life and long-run econ- 
omy. Whether for processing, clean- 
ing, grading, filtering or screening, 
there is a correct weave, weight 


and opening. Reduce down-time in 
your screening operations by in- 
stalling CAL-WIC Industrial Screens. 


Write for further information or for 
assistance in determining the cor- 
rect screen for your requirements. 


other CF & I steel products for the mining industry 


Rock Bolts 
Mine Rails and Accessories 


Grinding Rods 


Wickwire Rope 
Grinding Balls 


THE COLORADO FUEL AND IRON CORPORATION— Denver and Ookland 
WICKWIRE SPENCER STEEL DIVISION—WNew York, New York 


CAL - Wi 


INDUSTRIAL SCREENS 


THE COLORADO FUEL AND IRON CORPORATION 


344—MINING ENGINEERING, APRIL 1954 


Uhl 


ORDER 
AIME—Address Irene K. Sharp, Book 
Department. Ten per cent discount 
given whenever possible. Order Gov- 
ernment publications direct from the 
agency concerned. 


YOUR BOOKS THROUGH 


Tungsten Deposits of Madera, Fresno, 
and Tulare Counties, California, by 
Konrad B. Krauskopf, California 
Dept. of Natural Resources, Div. of 
Mines, $1.25, 83 pp., 4 pls., 52 figs., 
1953.—Most of the tungsten produc- 
tion in this area was during World 
War II. “Some future production is 
to be expected from the four prin- 
cipal mines still in operation .. .” 


Proceedings of the Third Biennial 
Briquetting Conference, Sponsored 
by the University of Wyoming Natu- 
ral Resources Research Institute, 
Aug. 31 to Sept. 2, 1953, Banff, Al- 
berta, Canada, University of Wyo- 
ming, Laramie, $3.00, 106 pp., illus- 
trated. 


Earthquake Intensity and Related 
Ground Motions, by Frank Neu- 
mann, University of Washington 
Press, $1.50, 99 pp., 16 plates, 1954.— 
An analysis of strong motion seismo- 
graph data and earthquake intensity 
information collected over a 20-year 
period for federal and state agencies 
active in earthquake investigation. 
Concepts concerning shock wave 
propagation are discussed that will 
find application in soil and rock vi- 
bration problems regardless of the 
frequencies involved, or the soil or 
rock types under study. Of interest 
to engineering geologists and geo- 
physicists. 


Timber, Its Structure and Proper- 
ties, by H. E. Desch, St. Martin’s 
Press, $6.00, 350 pp., 3rd ed., 1953.— 
Written in nontechnical language, 
this summary of modern wood tech- 
nology consists of four parts: Parts 
I, I, and III cover structure and 
classification, gross features and 
identification, and the physical prop- 
erties of wood; Part IV, on wood util- 
ization, deals with seasoning, preser- 
vation methods, timber grading, and 
briefly with wood as an engineering 
material. 


Safety in Quarry Operations, Na- 
tional Safety Council, Chicago, $2.50, 
40 pp.—-This booklet discusses such 
special physical problems as scaling 
the face, drilling, pit entrances and 
exits. Council data sheets, partic- 
ularly those relating to prevention 
of accidents from falling rock and 
operation of heavy duty trucks, have 
been drawn upon for safe practices. 
It also covers organizational topics 
such as safety committees, accident 
investigation, and records; medical 
and first aid facilities. 

(Continued on page 348) 
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A more powerful, faster-acting, boom jumbo 
INGERSOLL-RAND HYDRAULICALLY-OPERATED 


THE 


converts 


DRILLING 


TIME 


A four boom “HYDRA-BOOM JUMBO” 
built at our shops for a special tunnel job. 


Only HYDRA-BOOM has 
these advanced design features 


1. LARGER PISTON ARM 
CYLINDERS for lower oil pres- 
sure and longer packing life. They 
will handle longer and heavier 
drill feeds. 


2. DOUBLE ACTING HY- 
DRAULIC CYLINDERS permit 
mounting under deck as well as 
top side because boom operation 
is not dependent on gravity. 


3.EXTRA LONG PISTON 
ARMS give unmatched stability. 


4. LOWER OVERALL HEIGHT 
for lower headroom clearance. 


EF... new design features plus individual built-in oil reservoirs 
make the HYDRA-BOOM the outstanding hydraulically operated 
drill mounting of today. All HYDRA-BOOM movements, includ- 
ing the ceiling jack, are controlled by an air motor driven hydrau- 
lic pump — no hand pumping is ever necessary. And in addition, 
the hydraulic system is kept under constant pressure to insure 
instant and positive control at all times. 

Simplicity of design, low height and built in hydraulic oil 
reservoirs permit the mounting of one or more HYDRA-BOOMS 
on practically any kind of Jumbo that may be required. A two- 
boom car mounted HYDRA-BOOM Jumbo is standard but let 
us quote you on special rigs to suit your individual requirements. 
Optional extendable hydraulic booms are available for use on jobs 
that require greater face coverage. 

The new I-R HYDRA-BOOM may mean important savings for 
you so be sure to get the complete story from your 1-R represen- 
tatives without delay. 


Ingersoll-Rand 


11 Broadway, New York 4, WN. Y. 


5-52 


ROCK DRILLS COMPRESSORS AIR TOOLS TURBO BLOWERS CONDENSERS CENTRIFUGAL PUMPS OIL & GAS ENGINES 
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WEMCO 66-inch duplex classifier 
built for a large Canadian operator. 


for better Classifier performance 


in terms of 

e Less Oversize in Overflow 

e Less Undersize in Sands 

e Lower Operating Costs 

e Longer Continuous Operation 
e Greater Capacities 


—use WEMCO S-H Classifiers 


Consult with WEMCO today on your classification problems. Compe- 
tent engineering of your inquiry will be handled promptly and places 
you under no obligation. 


These Exclusive Mechanical Features 
of WEMCO S-H Classifiers are among the important 


reasons why only the WEMCO unit gives you these 
better performance factors — with the result that more 
and more operators throughout the world are choos- 
ing WEMCO for their classification jobs. 


| 40% greater shaft strength, for protection 

against shutdowns, is provided by WEMCO's large 
diameter tubular shafting. 

2 Longer-life wearing shoes of tough, thick alloy 
and large cross-section, short cast steel flight arms. 
Shoe replacement costs have been reported as low 
as 4/100 of 1 cent per ton. 

Foolproof, efficient bearing units are of the 
anti-friction type. Lower unit is grit-proof; upper unit 
is gudgeon type mounted on hub of bevel gear, de- 
signed for extra long life. 

Simple, hydraulic lifting device gives uniform 
action and complete protection from clogging or 
jamming. 

Smooth, efficient drive uses standard speed mo- 
tors and a new type cone gear reducer for maximum 
efficiency of power transmission. 


760 766 FOLSOM STREET SAN FRANCISCO 7. CALIFORNIA 


Mobil-Mills + Cool Spirals + HMS Thickeners + HMS Pumps + Sand Pumps + Cone 
& Steff Flotation A Hydrosep + S-H Classifiers 
Units + De ng Spirals Densit 


PRINCIPAL OFFICES 
Son Francisco * Sacramento 
Salt Lake City * Spokane 
Denver * Phoenix 

Chicago * Hibbing, Minnesota 
New York * Birmingham 
Toronto, Canada 
Jeffersonville, Indiana 


EXPORT DISTRIBUTORS 

Fraser & Chalmers (S.A.) (Pty.) Limited 
P.O. Box 619, South Africa 
Lilestone & Co., Inc. 

P.O. Box 3368, Manila, Philippines 

United Development Corporation Pty. Ltd. 
P.O. Box 3460, Sydney, N.S.W., Australia 
Corporation Commercial Sudamericana S. A. 
Casilla 505, Lima, Peru 

The Sumitomo Machinery Co., Ltd. 

5-22 Kitahama, Higashi-Ku, Osaka, Japan 
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About 487,000,000 tons of coal were mined last year to 
provide fuel for America’s electric utilities, coke ovens 
for producing steel and cement, and railroads. Mining 
that tonnage economically and efficiently required nearly 
a quarter billion pounds of industrial explosives. 

Illustrated is one example of how explosives research 
pays off. The proper use of the right type of permissible 
explosive brought down a high percentage of lump, 
ready to be used with a minimum of processing. 

Such results come from Hercules’ continuous explo- 
sives research and extensive knowledge of field condi- 


tions. These are important factors in the economical 
and efficient blasting of coal, metals and nonmetallics, 
quarrying, and construction. Our technical representa- 
tives welcome the opportunity to consult with you on 
blasting problems. 


HERCULES POWDER COMPANY 
Explosives Department, 955 King St., Wilmington 99, Del. 


Birmingham, Ala.; Chicago, Ill.; Duluth, Minn.; Hazleton, Pa.; 
Joplin, Mo.; Los Angeles, Cal.; New York, N. Y.; Pittsburgh, Pa.; 
Salt Lake City, Utah; San Francisco, Cal. 


~ 
| | 


“Commercial” Steel Sets 
KEEP THE ORE MOVING- 


Block-caving method of ore mining is more profitable when “Commercial” 
circular steel sets are installed in mine drifts because more continuous and 
more uniform draw of ore reduces mining costs. Circular steel sets provide 
support needed to keep the drifts open and serviceable long after timber 
sets would fail even in heavy ground. 


The installation of “Commercial” steel sets is simpler and easier than 
standing timber; normal maintenance cost is less because minor repairs are 


reduced to a minimum. Costly shutdowns and delays are avoided; in fact, 
the entire operation is speeded up. 


“Commercial” was first to produce circular steel sets. An established product 
for years again has found acceptance in another more recent application 
which has helped to reduce the hazards in block-caving mining. 


Pounds of “Commercial” circular sets will increase the ore draw in tons. 


THE COMMERCIAL SHEARING AND STAMPING COMPANY 
YOUNGSTOWN 1, OHIO * CHICAGO, ILLINOIS + SALT LAKE CITY, UTAH 


“COMMERCIAL” they have the experience and know how. 


LINER PLATES + RIBS + SETS + LAGGING 
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Books for Engineers 


(Continued from page 344) 


Manual on Rock Blasting, K. H. 
Fraenkel, editor-in-chief, Aktiebo- 
laget Atlas Diesel, Stockholm, avail- 
able in the U. S. from Copco Eastern 
Ltd., Paterson, N. J., $15.00, various 
paging, loose-leaf binder, 1953.—De- 
signed to serve as a basic inter- 
national handbook in the field, this 
manual provides comprehensive and 
detailed coverage of all aspects in 
the form of specialized sections con- 
tributed by authorities. Although the 
emphasis is on practical application, 
including extensive descriptions of 
operations, theoretical analysis has 
not been neglected. In addition to 
the major sections on blasting pro- 
cedures, practical planning of opera- 
tions, and the handling and firing of 
explosives, there are smaller sections 
on geology, compressed air supply, 
drill steels, and ventilation. The 
material is presented in English, 
Frenck, German, and Swedish, sup- 
plemented by graphs and diagrams. 


An Introduction to the Theory of 
Seismology, by K. E. Bullen, Cam- 
bridge University Press, $6.50, 296 
pp., 2nd ed., 1953.—This text begins 
with consideration of mathematical 
theories of elasticity, and of vibra- 
tions and waves. Five chapters on 
the application of wave theory in an 
elastic body follow, and the remain- 
der of the book covers derivation of 
results special to seismography, 
principles of seismography, and the 
application of seismological data to 
earthquake phenomena. The text 
has been revised and a list of refer- 
ences, correlated with the sections of 
the text, has been added. 


Construction Methods and Machin- 
ery, by F. H. Kellog, Prentice-Hall 
Inc., $10.00, 415 pp., 1954—In this 
book the principles of scientific man- 
agement are applied to construction 
work. Part I treats of planning of 
operations, control of work for max- 
imum production, and economics of 
equipment—selection, costs, depre- 
ciation. Part II discusses the funda- 
mentals and economical utilization 
of machinery for power, transporta- 
tion, hoisting and conveying, and 
pumping. In the third part—about 
half the book—methods of conduct- 
ing specific operations are described 
and evaluated. 


Symposium on Light Microscopy, 
American Society for Testing Mate- 
rials, Philadelphia, ASTM Special 
Technical Publication No. 143, $2.50, 
132 pp., 1953.—Among the papers in- 
cluded are: The Methods of Micro- 
scopy, by Clyde W. Mason, Polarized 
Light Microscopy and Supplementary 
Techniques, by W. C. McCrone, Ap- 
plications of Light Microscopy in 
Concrete Research, by Katharine 
Mather, The Microscopical Exam- 
ination of Metallic Specimens, J. R. 
Vilella, Methods of Particle-Size 
Analysis, by R. P. Loveland. 
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ROWEN WINDBOX SEAL HAS 
Increased Production, Lowered Costs, Improved Product Uniformity 


Increased sinter production, lowered costs, a 
more uniform product —these are the results 
with the use of the Rowen windbox seal* on the 
new Dwight-Lloyd sintering machines. 


The seal completely eliminates air leakage 
between pallets and windbox. With it, the sin- 
ter at the edge of the pallets gets the same 
amount of air as the sinter in the center, greatly 
improving the uniformity of product. Produc- 
tion is also increased as the burning is more 
efficient and the operation is, therefore, faster. 
Operating costs are lowered because less air is 
needed to do the job and because the amount 
of return sinter is reduced. 

The Rowen windbox seal is the result of 
years of intensive research by our engineers. It 
is another major Dwight-Lloyd contribution 


that has maintained Dwight-Lloyd sintering 
as a modern, economical process. 


Among the other exclusive engineering 
achievements incorporated in the new Dwight- 
Lloyd machines are: 


Upper windbox — permits up-draft or 
down-draft operation, adding great 
flexibility to installation. Can be used 
to: recirculate hot gases, reducing fuel 
requirements for the charge and also 
lowering plant heating costs. 

Compound discharge curve* — eliminates 
spillage, controls pallet drop, cuts pal- 
let wear. 


Roll feeders — assure an even distribu- 
tion of charge on pallets. 


“Paced = Write for detailed information on the new Dwight-Lloyd sintering machines. 


DWIGHT-LLOYD, Inc. 


DIVISION OF SINTERING MACHINERY CORPORATION. 


125 Sinter Avenue, Netcong, New Jersey 
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the UNITED STATES is only one producing country! 


Aithough the United States is the largest producer of elemental sulphur, its 
production is only about one-half of sulphur in all forms produced in the free world.* 

Sulphides of iron, copper, zinc and hydrogen and calcium sulphate are all sources 
of sulphur dioxide, the starting point of the manufacture of that universal and all 
important chemical tool, sulphuric acid. 

Elemental sulphur, per se, is essential for such compounds as carbon bisulphide, 
rubber vulcanizing and certain fungicides, insecticides and black powder. Economics 
dictate the use of the element or the sulphides or sulphate for other products 
and processes. 


*international Minerals Conference, 1952-53 


Texas Gulf Sulphur Co. Sulphur Producing Units 


NEWGULF, TEXAS 
75 East 45th Street, New York 17, N. Y. @ MOSS BLUFF, TEXAS 


@ SPINDLETOP, TEXAS 
@ WORLAND, WYOMING 
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largest 
ore-grinding mills 
ever built 


Marcy 12'-6” LD. x 13’ Grate Discharge Ball Mills 


Here’s a typical example of M&S specialized grinding engineering 
service...designing and manufacturing new, larger mills which would give 
the desired tonnage with lower capital investment in equipment and build- 
ings, compared with sizes previously available. 
Each of the six 12’6” Marcys ordered by this Michigan copper com- 
pany is powered by a 1500 hp motor; weighs 369,000 Ibs.; has all the 
proved advantages of the MARCY* low-pulp-line, grate discharge principle 


*Both Marcy and Massco are registered trademarks. 


= "DENVER 17, COLORADO 
OFFICES IN SALT LAKE CITY, EL PASO, 1775 BROADWAY, N.Y. 


REPRESENTATIVES IN FOREIGN COUNTRIES - 
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New Products 


* FILL OUT THE POSTCARD FOR MORE INFORMATION e 


Equipment 


Continuous Miner 

Type 500 Miner just introduced by 
Goodman Mfg. Co. is a continuous 
type mining and loading machine of 
the boring type, capable of producing 
up to 7 tons per minute from solid 
unprepared seam. The 500 Miner 
feeds into the seam by traction treads, 
cuts and breaks out coal with twin 


rotating units and cutter chain. Dis- 
lodged coal is pushed into the center 
of the path of the rotating units and 
bulldozed onto the chain conveyor. A 
100-hp motor drives the cutters and a 
50-hp motor powers the hydraulic 
system that controls all other ma- 
chine movement, including the side 
swing. Circle No. 1 


Downhill Braking 

Control of downhill speed for 
heavy duty, off-highway trucks is 
supplied in Torqmatic brake, a 
package added to the Allison Torg- 
matic converter and transmission. 
The new product from the Allison 
Div. of General Motors is actually a 
fluid action brake, using a rotor- 
stator mechanism and an operator 
controlled oil supply for the braking 
action. Circle No. 2 


Coal Loader 


Four models of the Jeffrey Mfg. Co. 
ML-81 crawler loader, designed to 
operate in coal seams 38 in. and up, 


have been put into production. The 
ML-81 has a rated loading capacity of 
about 8 tons per min. Circle No. 3 


Transmission 

Adoption of the Fuller torque con- 
verter coupling as the power trans- 
mission link in several industrial 
machines is described in a report 
from Fuller Mfg. Co. Designed to 
handle 180 to 225 lb-ft torque, con- 
verter has been applied to front-end 
loaders, trucks, cranes, hoists, etc. 
Shown recently was a new locomo- 
tive utilizing a Fuller converter 
built by Plymouth Div. of Fate- 
Root-Heath Co. for Blackbird Div. 
of Calera Mining Co. Circle No. 4 
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Safety Marking 

Temporary or permanent marking 
of any industrial hazard is supplied 
by Hazardstripe yellow and black 
self-adhesive tape. Tape made by 
Western Lithograph Co. is 2 in. 
wide, with 1% or 3-in. wide diagonal 
stripes. Circle No. 5 


Tools for Safety 


Ampco Safety Tool Div. of Ampco 
Metal Inc., builders of tools to safe- 
guard against fire and explosion, has 
added vacuum grip handles to the 
“striking” members of its tool line. 
Conical impressions on tool handles 
provide a firm grip for even oily or 
greasy hands, prevent injuries 
caused by tool slippage. Circle No. 6. 


Airleg Drills 
Two new lightweight, one-man, 
airleg drills using the GD series 8 
rock drills have been announced by 
Gardner-Denver Co. Model FL58 car- 
ries a 2%-in. drill and weighs 87 lb 
with 4-ft feed leg, while model FL48 
carries the 2%-in. bore drill and 
weighs 79 lb with 4-ft feed leg. Either 


model comes with 2, 3, 4, or 5-ft feed 
travel, and a detachable extension 
provides extra length when needed. 
Only one air hose is needed, as air is 
fed to the leg through the swivel con- 
nection. Controls are said to respond 
like the usual stoper. Design for min- 
imum rnaintenance includes constant 
blowing from chuck end, and piston 
rod wiper to keep dirt from the airleg 
cylinder. Circle No. 7 


Flexible Hose 


New type CWS hose with greater 
lightness, flexibility, and retractabil- 
ity—and at lower prices—has been 
introduced by Flexaust Co. New type 
is recommended for low pressure or 
suction service. Circle No. 8 


Rotary Crusher 

The Latture Roto-Crusher now in- 
stalled at a California aggregate plant 
is said to have capacity of 140 tph of 
—%™% in. material at 4:1 reduction 
ratio. Machine built by Waldrip Eng. 
Co. gains crushing action through 


pair of rotors, one convex, one con- 
cave, both corrugated, which move 
in opposite directions while meshed. 
Spacing of rotors may be adjusted 
from % to 6 in. by means of hydraulic 
system. Circle No. 9 


Resistivity Apparatus 

Georator Corp. announced a Gish- 
Rooney version of its widely used 
Geohmeter apparatus for resistivity 
type geophysical investigations. The 
Gish-Rooney type Geohmeter com- 
bines all measuring instruments and 
the commutator in compact 27-lb 
unit. Among available auxiliaries 
are battery power supply, field reels, 
cable, and metal earth electrodes. 
Circle No. 10 


Safety Hold-Back 

The Stephens-Adamson Mfg. Co. 
has an enclosed roller type hold-back 
designed to prevent reversal of buc- 
ket elevators and inclined conveyors 


due to power failure. When the shaft 
attempts to reverse, hardened rollers 
wedge against-an outer cylinder with 
up to 350,000 in.-lb torque resistance. 
Circle No. 11 


Elevator Attachment 


Allis-Chalmers Mfg. Co. now has 
an elevator attachment for AD-30 
and AD-40 motor graders. The unit 
developed by Hancock Mfg. Co. is 
exclusively available through A-C 
Tractor Div. dealers, and features 
30-in. disk, 42-in. conveyor belt, and 
belt lengths to 22 ft. Circle No. 12 
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(21) URANIUM ANALYSIS: Bulle- 
tin 16 from Jarrell-Ash Co. describes 
the JAco G-M fluorimeter, based on 
a new design developed by a leading 
atomic research laboratory. Out- 
standing design details are: no cool- 
ing system, no optical system, im- 
proved power source, and conveni- 
ent control grouping. 


(22) DRILLER’S HANDBOOK: 
Available from Cleveland Rock Drill 
Div., Le Roi Co. is a completely re- 
vised pocket-size reference book on 
rock drills. Useful facts about drills: 
lubrication, operating, maintenance, 
shanks and bits, compressed air 
lines, drilling and blasting, machine 
mountings, wet drilling and dry 
drilling are included. 


(23) SIZERS-FEEDERS: The Com- 
Bin, designed to make feeding of 
damp, difficult-to-feed material a 
continuous operation, is also used 
for fine dry solids that tend to 
bridge and arch in conventional hop- 
pers. The Pulva-Sizer is used for 
fine grinding, granulating, wet mill- 
ing or close particle size control. 
Both machines, and an equipment 
rental plan are described in a well- 
illustrated catalog from Pulva Corp. 


(24) JAW CRUSHER: A 24-page 
booklet from Traylor Engineering & 
Mfg. Co. gives full information on 
the Traylor M jaw crusher, built in 
eight sizes with up to 300 tph capac- 
ities. Outstanding construction fea- 
tures are shown by cut-a-way illus- 
trations and exploded drawings. 


(25) INDUSTRIAL BATTERIES: 
The Battery Div., Chicago Forging 
& Mfg. Co. has a circular on a new 
type of battery for lift trucks, mine 
locomotives, and other heavy duty 
industrial uses. 


MAIL THIS CARD 


for more information on 
items described in Manu- 
facturers News and for 
bulletins and catalogs 
listed in the Free Litera- 
ture section. 


(26) ADHESIVE: Goodyear Tire & 
Rubber Co.’s Pliobond is a fast-dry- 
ing cement with a flexible bond said 
to resist a pull up to 1500 psi. Folder 
illustrates 13 different applications. 


(27) MOVE YOUR OWN FREIGHT 
CARS: The Hemco-Motive is claimed 
to slash car handling costs. This 
gasoline powered machine, made by 
the Hemco Manufacturing Inc., can 
normally propel as many as three 
loaded freight cars at a time. It op- 
erates either on rails or the ground 
and requires no special operator skill. 


(28) ELEVATOR BELTING: A 24- 
page engineering handbook on ele- 
vator belting from B. F. Goodrich 
gives formula tables, problems and 
calculations, construction features, 
a spacing, and belt punching 


(29) FOUNDRY MECHANIZATION: 
Link-Belt Co.’s 40-page book No. 
2423 covers L-B’s complete line of 
equipment for mechanization of fer- 
rous and nonferrous foundries and 
its use in increasing production and 
producing better castings. Descrip- 
tions of sand preparation and of 
mold, core, casting, and sand hand- 
ling equipment are supplemented by 
over 70 pictures. 


(30) CENTRIFUGAL COMPRES- 
SORS: A brochure from Sawyer 
Bailey Corp. describes low flow, 
high pressure, centrifugal compres- 
sors claimed to meet all recycle re- 
quirements from 25 to 250 hp, pres- 
sure as high as 600 psi and tempera- 
tures up to 700°F. 


(31) AIR CHECK VALVE: For us- 
ers of compressed air and gases 
Pennsylvania Pump & Compressor 
Co. has a bulletin on the Airchek 
valve which replaces stop and safety 
valves. 


(32) FIRE PROTECTION: “Fire 
Can Destroy Your Business” from 
the Automatic Sprinkler Dept., 
Blaw-Knozx Co., states that 43 pct of 
firms whose records are lost in fires 
never reopen and an additional 28 
pet quit business in 3 years. Also 
stressed is that the 50 to 90 pct re- 
duction in fire insurance costs due to 
the installation of a Blaw-Knox sys- 
tem will pay for the installation in 
5 to 10 years. 


(33) MOTOR GRADER: Job-appli- 
cation photographs tell the story in 
Allis-Chalmers Mfg. Co.’s 2-color 
catalog covering the mechanical fea- 
tures and specifications of its model 
D motor grader. Illustrations and 
data on such optional equipment as 
“front wheel lean” and “power cir- 
cle turn” are included, along with 
many allied attachments designed 
for the unit. 


(34) TRACK SCALES: Catalog 
from Howe Scale Co. illustrates a 
line of 25 modern, heavy duty rail- 
road track scales ranging in capacity 
from 60 to 200 tons per section. 
Weight records may be printed on 
ticket, tape, or transmitted to remote 
recorder. 
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(35) BIN LEVEL INDICATORS: 
Bin-Dictators Co.’s catalog shows 
pressure-actuated bin level indicat- 
ors for granular, pulverized, and 
semiliquid materials. If required, 
these units also actuate various sig- 
nals—horns, bells or lights—and can 
be used to start and stop loading and 
filling machinery. 


(36) FRONT END LOADER: Le Roi 
Co, has an 8-page 2 color bulletin on 
the Le Roi-Transo 1% yd loader, 4- 
wheel drive unit. Among its fea- 
tures are “bucket rocking action” 


for full loads, sure-footed balance 
without sacrificing valuable road 
clearance, and operator visibility. 
Also discussed is the TL-100 1 yd 
model with the same dumping 
height—10 ft—as the larger unit. 


(37) RESEARCH SERVICE: “Scien- 
tific Sleuthing,” from the Armour 
Research Foundation of Illinois In- 
stitute of Technology, describes re- 
search services now available to in- 
dustry. ARF literature research of- 
fers technical, patent, and economic 
surveys; surveillance of current 
technical information; and bibli- 
ographies, abstracts, translations. 


(38) DUMPING ACCURACY: In- 
formation is available on the Schield 
Bantam electric dipper trip now op- 
tional equipment on the company’s 
line of truck and crawler-mounted 
%-cu yd power shovels. Operating 
speed and efficiency are increased 
with the new thumb-operated push- 
button trip attachment by enabling 
the operator to swing and dump 
without changing controls. 


(39) STEP SAFELY: A 12-page cat- 
alog from Wooster Products Inc. 
covers the company’s complete line 
of safety treads, thresholds, nosings, 
platforms, floor plates, and trench 
covers. Anti-slip characteristics have 
been carefully developed in more 
than 25 years of experience in mak- 
ing over 100,000 installations. 


(40) HEATING PIPELINES: Gen- 
eral Electric Co. has an 8-page bul- 
letin on heating pipelines. GEA- 
5095A describes numerous pipe ap- 
plications of Calrod tubular heaters 
in industry and provides a chart 
showing heat losses of vertical, solid, 
and smooth surfaces of metals. 


(41) BATTERY LOCOMOTIVES: A 
mine haulage data form is available 
from Mancha Storage Battery Loco- 
motive Div. Goodman Mfg. Co. 
These locomotives “put low cost 
haulage in your mine and keep it 
low.” 


(42) METAL DETECTOR: Described 
in bulletin B-1920-A is the Dings 
electronic detector, embodying “ul- 
tra high sensitivity.” Sensitive to 
all metals, ferrous or nonferrous, it 
is said to detect even minute metal 
particles, signaling their presence, 
and protecting machinery against 
tramp metal damage. 


(43) MINE HOISTS: Aros Electric 
Inc., U. S. representative of ASEA 
of Sweden, has an introductory bul- 
letin on ASEA mine hoists. In- 
creased safety, less rope wear, less 
peak power demand, lower power 
consumption, lower cost of hoisting 
are advantages claimed over con- 
ventional cylindrical drum hoists. 


(44) MINING MACHINERY: Cata- 
log 450-A from Lake Shore Engi- 
neering Co. covers equipment de- 
signed and built by men who know 
the mining field, who know where 
and how to use weight-cutting alu- 
minimum, men who originated the 
roller bearing bicycle type head 
sheave and bell mouth idler sheave. 
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(45) NEW V-BELT FORMULA: A 
new method of calculating the power 
capacity of Texrope V-belt drives 
has been developed. Belt ratings re- 
sulting from this new method take 
into consideration effect of belt 
length, ratio of the diameters of both 
the driving and driven sheaves upon 
the horsepower rating of the belt 
and resultant belt life. While former 
literature is being revised, Allis- 
Chalmers Mfg. Co.’s “Guide for Fig- 
uring Texrope Drives” has been is- 
sued temporarily. 


(46) MAGNETS: Among the new 
magnetic products dealt with in 
“Magnetic Attractions” from Eriez 
Mfg. Co. are a sheet fanner magnet 
designed to separate steel sheets 
from 22-gage to % in. and a magnet 
with a collection pan that works 
like a carpet sweeper. 


(47) COAL STORY: Fiftieth anni- 
versary of the first shipment of Is- 
land Creek coal has been commem- 
orated in a beautifully designed and 
illustrated brochure available from 
Island Creek Coal Sales Co. An ex- 
cellent presentation gets over the 


complete story of the part people 
play in modern day coal mining, prep- 
aration, and sales—without slighting 
technology. A first-rate job of pre- 
senting the coal industry from the 
viewpoint of one company’s varied 
operations. 


(48) MATERIALS HANDLING: 
Latest issue of “Conveyor,” publica- 
tion of Stephens-Adamson Mfg. Co., 
available to users of materials hand- 
ling equipment, features articles on 
wollastonite, underground rock 
transfer, cement production, and coal 
preparation. 


(49) SWEDISH BITS: Literature 
from Copco Pacific describes car- 
bide-tipped detachable rock bits said 
to be producing up to 300 pct more 
drilling footage where used in 
Canadian projects. These new bits, 
1% to 4 in. diam, are made in 
Sweden by Sandvik, which operates 
its own mines and processing plants. 


(50) DRY MATERIAL CONVEYOR: 
Principally used by the cement in- 
dustry until 1949, F-H Airslide con- 
veyor installations now handle other 
fine, dry materials such as gypsum, 
barites, bentonite, silica, phosphates. 
Fuller Co.’s bulletin FH-2 depicts 
typical installations, before and 


after shots, possible arrangements. 
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The Only Rotary Blast Hole Drill 
Capable of | Drilling j 12/,-in. Holes 


Now, you can take full advantage of the large hole 
drilling technique with a rotary drill too—the Bucyrus- 
Erie 50-R. Here’s a machine, designed to drill 9% 
to 1214-in. holes, which has proved its ability to drill 
these large diameter holes in the shortest time possible. 

For example, a 50-R, operating on 634 hour shifts 
in a large Indiana open pit coal mine, drilled 2,598 
holes of 105-in. diameter to an average depth of 
42 ft. in six months. The average drilling rate was 
125.1 feet per hour for a total of 844.4 feet per shift. 
Overburden consisted of medium hard sandstone with 
an overlay of hard shale. 


Look Over These 
Important 50-R Features 


7 Down pressure on the bit is hydraulically powered 
for maximum controlled penetration. 


2 Ward Leonard electric control on rotation of drill 
pipe permits drilling at most efficient speed for a 
given formation. 


& Drills continuously for 32’-8" before an additional 
drill pipe section is added. 


@ Drill pipe sections are added or removed in 2 few 
minutes with a remote-controlled, power-driven tool 
handling unit. No heavy manual labor is involved. 

is the finest rotary blast hole drill ever built. 
S Cuttings are removed from the hole as drilling Write for complete information today on 


progresses by two 640-cfm air compressors, Only the how the 50-R can save you money in your 
“fines” are picked up and handled by the Roto-Clone 
precipitator. “Heavies” pile up adjacent to the drill 
hole for use as stemming material. 2054 


South Milwaukee, Wisconsin 
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you can get 
big drill performance 
with the 


CHALLENGER 
Blast Hole Drill 


HERE’S WHAT USERS SAY: 

“Drilling cost per ton of ore broken 
reduced by two-thirds over wagon 
drills. Driller experience can further 
reduce to one-sixth of wagon drilling 
cost.” 

“Punched down four 60’ holes, bot- 
toming at 4” dia., in one shift. What 
drill!” 


Users’ reports on early units show that you really get big drill 

performance with the Challenger Drill. It’s a 5%" hammer drill 

(not a piston drill) that drills 444" diameter holes through hardest 

rock to depths of 50’ or more. This big drill performance calls for 

a 26’ feed to cut the number of steel changes, and a self-propelled 

mounting. Tractor-mounted on rubber tires with a portable com- 

pressor to furnish air for drilling, the Joy Challenger is the biggest 

3 ? cost-cutting big drill for hard rock drilling. Check your needs .. . 

The size of the Challenger Drill and the sectional see if this big drill won't answer your problems. @ Joy Manu- 


steel used with it, makes necessary special drill and facturing Company, Oliver Building, Pittsburgh 22, Pa. In Canada: 


steel service which is provided by Joy. Service trucks, 
like the one shown here, make periodic visits in Joy Manufacturing Company (Canada) Limited, Galt, Ontario. 


areas where Challenger Drills are operating. The 
operators of this ‘‘mobile shop"’ are experienced drill 
doctors who furnish complete drill steel service, bit 
sharpening service, drill inspection, and suggestions 
for use und application of the drill for best results. 


BLAST HOLE DRILIS 
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CORE DRILLS, ROTARY 
4020 


Eriz MINING Co. has awarded the general contract 
for construction of its taconite processing plant and 
auxiliary buildings northeast of Aurora, Minn., to 
Foley Bros. Inc. The plant will produce taconite 
pellets at the rate of 7.5 million tons per year. In 
the meantime, Reserve Mining Co. announced that 
the size of its town of Babbitt, Minn., site of another 
taconite development, will more than double this 
year. 


National Science Foundation granted Montana School 
of Mines $13,000 for research in surface chemistry. 
The award will enable students and faculty in the 
departments of mineral dressing and chemistry to 
continue work in the flotation field. 


NATIONAL LEAD Co. received concessions from the 
Australian Government to explore a large area in 
the northern part of the down under continent. The 
area has shown signs of copper, nickel, lead, and 
zine ores. Titanium Alloy Mfg. Co., National’s Aus- 
tralian subsidiary, will carry out exploration. 


A new vanadium mineral previously unknown to 
science has been found at Monument No. 2 mine in 
northeastern Arizona and named Navajoite in honor 
of the Navajo Indians. The mineral is a dark brown, 
fibrous material composed of hydrated vanadium 
oxide. While it has a high vanadium content it is 
not considered a good ore because it does not occur 
in large quantities. Monument No. 2, where it was 
found, is located on the Navajo reservation. 


REPRESENTATIVE C. W. BisHop (R.-ILL.) has intro- 
duced a companion bill to Senator Malone's S. 2992. 
The bill would establish a strategic and critical min- 
erals and metals authority composed of the Secre- 
taries of the Interior, Defense, Commerce, and the 
Treasury, and the Chairman of the Tariff Commis- 
sion. The group would regulate ore imports and en- 
courage use of domestic metals and ores. 


M. A. HANNA EXPECTS to have its nickel project at 
Riddle, Ore., in production by late 1954. The ore, 
obtained from open pit operations, will go 2 miles 
by aerial tramway to a plant where it will be con- 
verted to ferronickel ingots. A Government contract 
with M. A. Hanna stipulates that all production goes 
to the Government account until June 1962, or until 
125 million Ib of contained nickel have been de- 
livered. 


CANADIAN GOVERNMENT officials and mining and 
shipping representatives have discussed plans for a 
direct ocean route for iron ore shipments from 
Ungava Bay on the north Quebec coastline to 
Europe including West Germany and Britain. Feni- 
more Iron Mines Ltd. notified its shareholders of the 
conferences. 


It has been reported that a magnetite orebody with a 
tonnage potential equal to any known ore deposit in 
Canada has been discovered at Bruce Lake in north- 
western Ontario. The deposit is said to average about 
36 pet iron. The discovery has been transferred to 
Iron Bay Mines Ltd. Lorne and Jack Dempster dis- 
covered the orebody. 


A tentative expansion program under consideration 
by Foote Mineral Co. would include major additions 
to the company’s Kings Mountain, N. C., and Sun- 
bright, Va., plants. H. C. Meyer, chairman of the 
board, said that the money would be obtained through 
bank loans. Public financing is not anticipated. 


Howe Sounp Co.’s report for 1953 shows that some 
591,500 lb of cobalt have been produced at Garfield, 
Utah, despite intermittent plant operations. Of the 
amount produced, 500,000 lb was shipped or is ready 
to be shipped under Government contracts and 
specifications. Continuous operation has been im- 
possible largely because of inability of equipment 
to withstand corrosive and abrasive conditions. 


A NEW AND MODERN COAL PLANT at Soma, Turkey, is 
operating under management of the Eti Bank of 
Ankara. The new washery was designed, equipped, 
and erected by McNally Pittsburgh Mfg. Corp., Pitts- 
burg, Kan. Fully automatic washing equipment con- 
sists of coarse coal and fine coal washers of the Mc- 
Nally Norton Baum jig type. The coal deposit for 
which the washery has been installed has been under 
development for 80 years. 


NATIONAL Leap Co. and RepusBLic STeeL. Corp. have 
joined in a project to upgrade nonmagnetic iron ore 
and iron bearing materials. A large scale pilot plant 
now at Republic’s Spaulding iron mine near Birm- 
ingham, Ala., is slated to operate this summer. Iron 
ore from the pilot plant is expected to be sufficiently 
upgraded for use in modern blast furnaces. 


Ford Motor Co. used one of the Jargest quantities of 
radioactive materials ever employed in an industrial 
experiment when it traced the flow of iron ore 
through a blast furnace. Seventy-six tons of radio- 
actively tagged ore were fed into the Benson Ford 
furnace at Ford Rouge plant in Dearborn, Mich., in 
an attempt to determine feasibility of using fine iron 
powder obtained from concentrating low grade ore 
in the charge. Retention of the powder during 
smelting, about 60 pct, was too low for practicability. 
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2000 tons of useable mine backfill — enough to 
fill forty 50-ton gondola cars — are being pro- 
duced every day by this DorrClone installation. 
In operation at a large Canadian gold mill, the 
installation consists of ten 12” dia. primary 
DorrClones and six 12” dia. secondary Dorr- 
Clones with a spare for each stage. Feed to the 
primaries is 4500 TPD of mill tailings at 50% 
solids and final underflow from the secondaries 
is 2000 TPD of backfill with a percolation rate 
of 4" per hour. 

DorrClone Is a trade-mark of The Dorr Company, Reg. U.S. Pat. Off. 


a TRAINLOAD 
“per day of mine backfill... 


Chances are you don’t need a trainload a 
day, but regardless of your particular mining 
operation, tailings composition or fill require- 
ments, the DorrClone is an ideal tool with 
which to solve backfill problems. If you’d 
like more information on this and similar 
DorrClone installations, write for Technical 
Reprints 1307 and 1309. Please address your 
inquiry to The Dorr Company, Barry Place, 
Stamford, Conn. or in Canada The Dorr 
Company, 26 St. Clair Avenue, East, Toronto 5. 
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THE DORR COMPANY + ENGINEERS + STAMFORD, CONN. 
Offices, Associated Representatives 


Companies or 


in principal cities of the world. 
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Mining Engineering 


AEC Report Evaluates Progress for Last Half of 1953 


Emphasis continues on discovery, 
development, and exploitation of 
new sources of raw materials and 
the building of new plants to ready 
these materials for Atomic Energy 
Commission manufacturing facili- 
ties. During the second half of 1953 
the AEC building program totaled 
3.35 pet of the nation’s construction 
expenditures, according to the 15th 
Semiannual AEC Report. 

During the second half of the year 
the AEC made progress in expan- 
sion of overseas sources of uranium. 
Further development is _ being 
“pushed.” The Commission’ ex- 
tended to March 31, 1962, the expir- 
ation date of the guaranteed mini- 
mum price schedule for uranium 
ores on the Colorado Plateau. The 
date until which initial uranium 
ore from new domestic production 
will be eligible for bonus payments 
was extended to Feb. 28, 1957. 

More than 525 U.S. mines, mainly 
on the Colorado Plateau, are pro- 
ducing ore. Chief producers have 


been mines in the Morrison and 
Shinarump formations. However, 
Chinle, Entrada, and Todilto forma- 
tions have gained significance. 

Chief source in South Dakota and 
Wyoming is the Lakota formation. 
Some production also comes from 
fissure veins in the Marysvale, Utah, 
area, the Colorado Front Range, and 
from the Boulder Batholith region 
in Montana. 

According to the report, three 
types of ore are being mined. They 
are the vanadium-rich ores from the 
Morrison formation, the vanadium- 
poor ores from the Shinarump 
formation, and the limestone ores 
from the Todilto formation. Mine 
operators not too long ago were 
mining largely from canyon rims or 
through inclined shafts not far from 
the rims. Today, they are mining 
through vertical shafts, some of 
which will go as deep as 600 ft. 

When Anaconda Copper Mining 
Co. finished the ore processing 
plant at Bluewater, near Grants, 


USGS Anniversary 


President Dwight D. Eisenhower receives W. E. Wrather, Director of the U.S. Geological 
Survey, on the occasion of the 75th anniversary of the USGS. Mr. Wrather was intro- 
duced to the President by Secretary of the Interior Douglas McKay. Shown with 
President Eisenhower are Mr. Wrather, Assistant Secretary of the Interior Felix 


Wormser, and Secretary McKay. 


The massive uranium graphite reactor ot 
Oak Ridge National Laboratory is one 
of the units that the AEC raw materials 
program keeps operating. The laboratory 
is operated by Union Carbide & Carbon 
Co. for the AEC. 


N. M., it brought to nine the number 
of uranium processing plants in the 
U. S. Right now, the sandstone-type 
ore being produced in the area 
around this plant is stockpiled, but 
Anaconda is contemplating addi- 
tional facilities to treat it. 
Construction of a tenth plant at 
Shiprock, N. M., by Kerr-McKee Oil 
Industries Inc., is scheduled for 
1954. The plant will treat ores pro- 
duced in the Lukachukai Mountain 
region of northeastern Arizona and 
other Navajo Indian Reservation 
areas. Additional processing plants 
are under consideration for treat- 
ment of ore reserves recently de- 
veloped in the Colorado Bedrock 
region and around Moab, Utah. 


Byproduct Uranium 


Texas City Chemicals Inc. has 
completed a second plant for by- 
product recovery of uranium from 
phosphate rock. «The plant, at 
Texas City, Texas, is operating. 
Early 1954 production is expected 
from the third and fourth plants 
under construction in Florida by 
International Minerals & Chemicals 
Corp. and Virginia-Carolina Chem- 
ical Corp. 

Foreign sources continued to be 
important in uranium procurement 
plans. The Belgian Congo continues 
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Pick most any mining area on the North American continent— 
and chances are a COPCO man is there, right now. Up top at 
the office maybe, but just as often down below. For COPCO field 
men ... drill specialists of course ... are experienced miners too! 
They will prove to you and your crew exactly how their justly- 
famous product team, lightweight Atlas Rock Drills and guaran- 
teed quality Coromant Drill Steels, will reduce your cost per ton. 


Ask the COPCO office nearest you for a demonstration right on your 


PACIFIC Ltd. 


930 Brittan Avenve—San Carles, Calif. 


EASTERN Ltd. 


250 Park Avenve—New York 17, N. Y. 


MEXICANA S.A. | 


Ave Juarez y Calle Comonfort 
Torreon, Coahuila, Mexico 


BRANCH OFFICES AND WAREHOUSES THROUGHOUT NORTH AMERICA | 
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Progress, Cont'd 


| to be a major producer for the atomic 


energy program and South African 
shipments to the U. S. are on the up- 
swing. Additional plants for recovery 
of uranium as byproduct of Wit- 
watersrand gold mining went into 
operation during the second half of 
1953. New facilities were completed 
by Western Reefs Exploration & De- 
velopment Co. Ltd., and Stilfontein 
Gold Mining Co. Ltd., during August 
1953. Other plants are slated for 1954 
completion. 


Importance of the deposit discov- 
ered by Gunnar Gold Mines Ltd. in 
Canada’s Lake Athabaska area has 
been proven and plans are being 
made for private construction of a 
processing plant in the vicinity. 
Widespread uranium deposits have 
also been found north of Lake Hu- 
ron in the Blind River region of 
Western Ontario. Large scale de- 


| velopment and prospecting is under- 


way in the area and may result in 
new mining and milling facilities. 


Rare Earth Separation 

Oak Ridge National Laboratory 
and the Ames Laboratory at Iowa 
State College have pioneered rare 
earth studies and methods for sep- 
arating them. The Ames process for 
extracting pure rare earth elements 


from ore and separating them in 


ion-exchange columns im- 
proved recently, increasing yields 
“many times,” thus greatly reduc- 
ing process cost. Ames scientists 
separated in 99.99 pct purity each of 
the rare earths, with the exception 
of europium and terbium, deriving 
at least a kilogram of each. Smaller 
quantities of terbium were obtained. 
Progress has also been made at 
Ames in development of a liquid- 
liquid extraction process for sepa- 
rating rare earths in large quanti- 
ties, starting from the ore. 

Oak Ridge has developed a proc- 
ess which will make most rare 
earths available in small quantities 
in pure form at greatly reduced 
cost. The process involves counter- 
current extraction of nitric acid so- 
lutions of the rare earths with tri- 
butyl phosphate in a system of glass 
columns. Kilogram quantities of the 
oxides of samarium, gadolinium, and 
dysprosium have been separated 
from complex mixtures. 


Revised Production Figures 


COMMODITY 1953 ESTIMATE 
Titanium $8,022,752 
Stone Production 302,188,000 tons 
Iron Ore 117,000,000 LT 
Lithium (Compounds 

and Ores) 15,611 tons 
$1,052,000 

Lime 8,073,078 tons 
$95,231,221 


(See table p. 142, ME, Feb. 1954) 


— 
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Copco men | 
Boulder, Colorado | 
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MACHINERY 


SOUND DESIGN AND CONSTRUCTION ... 
embodying proved reduction principles, ease 
of adjustment, and increased fonnege per 
hoersepewer. 

LARGE CAPACITY . . . ideal feed is product 
containing material minus 1”, Yo", or %”, and 
fines. Close setting net required to produce 
large tonnage of fines. 


UNIQUE FEED ARRANGEMENT ... thorough 


mixing ossured by compound action of feed 
plate gyration and rotation. 


EXCLUSIVE PNEUMATIC RELEASE MECH- 
ANISM . . . reduces stresses—helds bowl 
structure rigidly to main frame. Automatic tramp 
iron protection. Provides immediate starting, 
even with crushing cavity full of material. 


FOR PROCESSING ORES and INDUSTRIAL MINERALS 


a@ REVOLUTIONARY 
MACHINE for 

the production of 

large tonnages 

of extremely fine 
product 


*After years of extensive 
research and development, 
Nordberg now presents the 
GYRADISC . . . a new, revolutionary method of com- 
minution that has been proved in the production of 
large tonnages of fine product in both metallic and 
non-metallic ore and mineral service. 
The Nordberg GYRADISC is a unique combination 
of practical design features and original principles 
of operation resulting from Nordberg’s back- 
ground and long experience with successful 
crushing machinery, such as the world-famous 
SYMONS Cone Crusher. The Nordberg GYRA- 
DISC is as revolutionary in the reduction of 
large quantities of material to extremely fine 
sizes as the SYMONS Cone Crusher is in the 
realm of crushing. 

For full details, send for your copy of the 
new GYRADISC Bulletin 228—just off the 

press. 


NORDBERG MBG. CO., Milwaukee, Wisconsin 


SYMONS . . . A REGISTERED HORDBERG TRADEMARK KNOWN THEOUGHOUT THE 


NORDBERG 


YORK SAN FRANCISCO DULUTH WASHINGTON Grizzlies 
TORONTO ¢ MEXICO, D.F. © LONDON *« JOHANNESBURG ond Screens 
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A “FINER” REDUCTION CRUSHER 
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the builders of SYMONS* CONE CRUSHERS 
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feed your 
conveyors 


RIGHT 


control 
your 
processing! 


not too little 


.» With REX Apron Feeders 


When your conveyors are underfed, you're stepping up 
costs. You're not getting the capacity you've paid for... 
subsequent operations cannot be economically controlled! 

When your conveyors are overfed, you're wasting money. 
Following plant operations are economically difficult to 
balance. And, the wasteful spillage causes unnecessary 
labor cleanup. 

BUT, Rex Apron Feeders, provide the desired, metered 
rate for all following operations. Rex Apron Feeders are 
the key units in the close control of plant operations. 

Why not have your Chain Belt District Sales Engineer 
look over your plant with a view to cutting handling 
costs. Call him or write Chain Belt Company, 4794 Ww. 
Greenfield Avenue, Milwaukee 1, Wis. 


Handling Operations Where Rex Apron 
Feeders Can Help Control Processing and Cut Costs Advantages of Rex Apron Feeders 
© Coal @ Limestone Self-contained...minimum mechanical servicing 
Ores Sand complicated electrical maintenance. 
© Clinker © Cement Rock Sustained efficiency over wide ranges of capacity. 
©@ Sinter @ Heavy Chemicals Carries material up steep inclines. 
-»-and Rex Apron Feeders will handle these Long life. Rex Outboard Roller Construction 
materials cold or hot (up to 1900° F.). simplifies maintenance. 
CHAIN secr 
coh PANY 


District Sales Offices and Distributors in all principal cities. Export Offices, 
4800 W. Mitchell St., Milwaukee, Wis., and 19 Rector Street, New York, N. Y. 
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Inco Flash Smelting Process on Commercial Basis 


In its report for the year ending 
Dec. 31, 1951, International Nickel 
Co. covered in one paragraph what 
it termed a major result of its re- 
search—the completion of a special 
type of furnace and auxiliary equip- 
ment for the flash smelting of cop- 
per. By the end of 1951, Inco re- 
ported, the project, with its special 
plant for the production of oxygen, 
operated experimentally. 

By the end of 1952 Inco could re- 
port: “Oxygen flash smelting of cop- 
per concentrates ... was carried out 
on a commercial basis during the 
past year. The new process, in 
which all smelting heat require- 
ments are met by reacting the con- 
centrates with oxygen, represents an 
important advance in nonferrous 
extraction metallurgy. . . 

“Large scale production of liquid 
sulphur dioxide, obtained as a by- 
product from our oxygen flash 
smelting of copper concentrates, was 
initiated during the year by Cana- 
dian Industries Ltd. in a new plant 
built at Copper Cliff.” 

And now, in 1954 Inco says: “At 
year-end a unit was put into opera- 
tion permitting heat treatment in a 
single furnace of all the copper con- 
centrate from our ores. . . Approxi- 
mately 37,000 tons of liquid sulphur 
dioxide [byproduct] were produced 
and shipped.” And the Copper Cliff's 
tonnage oxygen unit, only one of its 
kind in Canada, is turning out 300 
tpd for this new extraction method 
that uses no other fuel. 

Thus Inco is doing something that 
fascinated some of the best minds in 
the copper industry for years. The 
word autogenous crops up constant- 
ly in the patent, and recalls the days 
when high grade ore with accom- 
panying high sulphur content led 
many to experiment with the idea 
of making the ore smelt itself. 

Inco is tailoring the atmosphere 
to the ore, rather than blending ore 
to suit the atmosphere. Using pure 
oxygen, the process has done away 


Nerve center of the oxygen plant for Inco flash smelting process. Main liquefaction 


equipment is 


inside the large, high casing behind the panel. Refrigeration for the 


plant is provided by two turbo-expanders in the foreground. 


with pulverized coal—or any other 
fuel. 

While Inco has not released tech- 
nical details of the method, there 
have been hints in the not so dis- 
tant past that the process was a-born- 
ing. In the October 1952 Journal of 
Metals R. W. Diamond and B. P. 
Sutherland noted that a future 
trend would be flash smelting of 
copper using oxygen, right through 
to the blister copper stage. Flash 
smelting radically reduces proce- 
dure, making a product that can be 
sent directly to the refinery. Inco 
has been flash smelting on a com- 
mercial basis since 1952, and reports 
are that flash smelting has proven 
satisfactory enough to warrant a 
second furnace. 

The Inco method consists of a 
combination of operations which can 
either “simultaneously or cyclically 
autogenously” smelt two sulphide 
materials of different compositions. 
One sulphide concentrate is rich in 
nickel and/or copper and the other 
concentrate is low in nickel and/or 
copper sulphide and rich in pyrrho- 
tite. The process makes use of exo- 
thermic reactions taking place be- 


tween metal sulphides and gases with 
a sufficiently high concentration of 
free oxygen to autogenously smelt 
the sulphides and flux, producing 
matte and slag—or even metal and 
slag. 

Starting the exothermic reaction 
between the iron sulphide part of the 
concentrate and the free oxygen of 
the gas, involves preheating the fur- 
nace to more than 1500°F. It is pref- 
erable that preheating go beyond 
even 2000°F. Oil, coal, or gas firing 
may be used. 

According to U. S. Patent No 
2,668,107, dated Feb. 2, 1954: 


In that part of the process involving the 
autogenous smelting high-grade nickel and/or 
copper sulfide concentrate, it is desired that 
sufficient of the iron sulfide fraction be oxi- 
dized to form iron oxide and gaseous sulfur 
dioxide to produce the desired grade of matte, 
due consideration being given to maintenance 
of suitable furnace temperature, while at the 
same time it is also desired to have as little 
as possible of the nickel and/or copper sul- 
fide concomitantly oxidized into the slag. 


Separating a major portion of 
the iron as oxide in the slag from 


copper and/or nickel matte is not 
commercially feasible, because pro- 


(Continued on page 362) 


Ni-rich and/or Cu-rich 
concentrate and 
fluxing agents 


SO, -rich 


Pyrrhotite 
concentrate and 
gos fluxing agents 


Diagram based on the 
patent illustrates the 
simultaneous auto- 
genous smelting of a 
high grade conc and 
flux and low grade 
pyrrhotite conc and 
flux. Tapping high 
grade matte from 
end of the furnace 
where nickel and/or 
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Flash Smelting, Cont'd 


duction of slag rich enough in nickel 
and/or copper to make recovery 
desirable, is unavoidable. 

An essential feature of the Inco 
process is slag cleaning by auto- 
geneously smelting pyrrhotite con- 
centrate to produce “a shower of 
low grade matte and slag which 
falls on the aforementioned rich 
slag. 

“In order to produce a low grade, 
iron-rich matte suitable for slag- 
cleaning purposes, .. . a portion of 
the pyrrhotite concentrate is oxi- 
dized in the presence of flux. . .” 
The remaining amount is melted by 
combustion of the part oxidized. 

Upon contact with high grade 
slag obtained from the nickel and/or 
copper smelting operation, the mol- 
ten, unoxidized iron sulphide frac- 
tion of the autogenously smelted 
pyrrhotite recovers nickel and/or 
copper from the rich slag, leaving a 
slag impoverished in nickel and/or 
copper. 

Typical of hoists designed and manufactured by Thus, smelting nickeliferous pyrrhotite in 


(1) to clean slag rich in nickel and/or copper 


Stearns-Roger for specific requirements is this twin drum, 22,000 and (2) to recover nickel from the pyrrhotite 
lb. electric hoist installed in a large Western mine. Using the process described, Inco 


Each drum Meehani “ diameter flash smelted copper sulphide con- 
is cast te ©. ..84 with centrate averaging 30.6 pct Cu, 1.1 


‘ J t Ni, 33 S and 1.8 pct SiO.. 
78” face, winding 1,200 feet of 1%” cable. One drum is fixed 


and the other clutched. Brakes are set by gravity and released weight of the copper sulphide con- 
% centrate. The sand contained 80 pct 
hydraulically. Drums are fitted on 10” shafts with three self- silica and 5 pct lime was added. Ox- 
aligning bearin bearin gs serving “ ygen introduced was 33 pct of the 
” with two such the 6 pinion concentrate smelted. After every 
shatt. 6 hr period matte averaging 57.65 
pet Cu and 2.03 pct Ni was tapped. 
Rating is 22,000 lbs. rope pull at 1,000 ft. per minute Blas contained spgvenimately 0.90 

rope speed. pet Cu and about 0.15 pct Ni. 


The copper sulfide concentrate smelting 
was then discontinued and low copper pyr- 
rhotite concentrate averaging about 1 pct Ni, 
57 pct Fe, 35 pet S and 2 pct SiO, was then 
flash smelted, using approximately the same 
ratio of flux and oxygen as was used in 
smelting the copper sulfide concentrate. 
This operation was continued for 1 hour and 
provided a shower of low-grade matte and 
slag droplets. The matte droplets removed a 
large proportion of the copper and nickel 
— the slag to the underlying low-grade 
matte. 


Pyrrhotite employed was 30 pct of 
the copper sulphide concentrate 
smelted. At the end of this opera- 
tion slag averaging 0.35 pct Cu, 
0.16 pet Ni, and 34.8 pct SiO, was 
skimmed. The cycle was repeated. 

The patent states after treatment 
of “several thousand tons” of copper 
sulphide concentrate and nickel sul- 
phide concentrate, cost for oxygen 
used jn the process was akout one- 
half that of coal used in conven- 
tional methods. Refractory con- 
sumption was within reason and 
indications were that it was less 
than in ordinary practice. 

Liquid sulphur dioxide resulting 
from compressing and cooling fur- 
nace exit gas is being sold success- 
fully for use in the commercial pro- 
® Registered Trademark duction of sulphite wood pulp. 
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NOW JOY offers Air Leg 


Design, field test, redesign, test again—this story has 
been repeated over and over in the development of the 
Joy air leg. But the result has been worth the effort— 

cause this Joy air leg contains all these features 
which extensive field use has indicated were necessary 
for most efficient, most comfortable operation . . . 


BUILT-IN FEED CONTROL built into the back- 
head of the drill, giving an infinitely variable range 
from as little as two pounds to full line pressure 
without step-by-step graduation. 


PUSH-BUTTON PRESSURE RELEASE on the 
control handle for quick retraction. Also permits 
reduction of pressure when drilling through soft 
seams without changing setting a feed control. 


BALANCED FORWARD PRESSURE by attach- 
ment of air leg at horizontal center line of drill to 
minimize misalignment of drill and steel. Results 


, in longer chuck life. 
GF 


4 LIGHTWEIGHT, easily assembled and disman- 
tled, easy to move around the mine. 


5 A PERFECT PARTNER for the powerful, efficient 
Joy L-47 drill. 


You haven't seen efficient drilling and ease of handling 
until you've tried this perfectly matched pair. Write for 
complete information. @ Joy Manufacturing Company, 
Oliver Building, Pittsburgh 22, Pa., In Canada: Joy Manu- 
facturing Company (Canada) Limited, Galt, Ontario. 


WORLD'S LARGEST MANUFACTURER OF 
UNDERGROUND MINING EQUIPMENT 


weom 
y 


Numerous advantages of production loading 
from drawpoints with mechanical loaders make 
this system of mining attractive to men faced 
with marginal ores, low metal prices and ris- 
ing costs. 


These are some of the advantages: 


1. INCREASED OUTPUT PER MAN SHIFT. Sub- 
stantially greater production can be realized by 
simply putting an Eimco loader in production 
loading. Some mines have gone to greater 
mechanization by using one man as loader and 
locomotive operator with an increase to 18-20 
tons per man shift. 


2. INCREASED SAFETY FOR THE MAN UNDER- 
GROUND. Drawhole mining with mechanical 
loaders eliminates the chute and grizzlie system 

| with its inherent hang-ups, secondary blasting, 
chute repairs and hazardous initial development 
program. 


3. LOWER COST. Time wasted in developing 
a fancy system of chutes, grizzly chambers, man- 
ways and the expense of building chutes is 
eliminated. The expense of maintaining chutes 
and extra expense of secondary blasting at 
grizzly level are not necessary. 


4. GREATER EFFICIENCY. Loading cars full 
without spillage and loading maximum size 
material into cars is standard practice with 
mechanical loaders. Equipment used in one 
drawpoint can be easily moved to another draw- 
point. When the area is mined out 100% sal- 
vage value on equipment can be realized with 
mechanical loaders where no salvage value is 
realized on timber in chutes. 


For best results in dependable equipment for 
drawhole loading use an Eimco loader. There 
is an Eimco for every loading job — one that 
will fit your production requirements and your 
haulage equipment. For more information write 
The Eimco Corporation, P. O. Box 300, Salt Lake 
City, Utah. 


THE EIMCO CORPORATION 
Salt Loke City, Uroh, U.S.A. 
Expert Office, Bidg., 52 South St, New York City 


You can't beat an Ecmeo! 
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Increase your production and eliminate expen- 
sive pump trouble with Denver Vertical Sand 
Pumps for difficult 

These enver Vertical Pumps easily handle 
flotation concentrates, middlings or other frothy 

ulps...granular gravity concentrates and fluctuat- 
ing middling flows. In fact, the Denver Vertical 
Sand Pumps will handle any —%4” feed that will 
flow by gravity. 
NO PACKING GLAND 

The Denver Vertical Sand Pump design elimi- 
nates the trouble spots found in most sand pumps. 
One of these engineered features is the elimination 
of any packing gland or sealing water. 

Since the feed pulp flows by gravity into the 
pump bowl and through to the feed opening on the 
top of the runner, there is no need for troublesome 

— around the shaft. The large cast iron pump 
bow! also serves as a feed chamber, eliminating a 
sump or feed box. 


FLOTATION MACHINE 


SENVER VERTICAL SAND PUMPS 


Complete Milling Equipment — from testing, to feeder, to dryer! 


The 2” Denver Vertical Sand Pump pictured above is handling flotation froth 
direct from the launder—without a sump and with minimum spray water. 


You Can Easily Handle Abrasive And Frothy Pulps 
With A Denver Vertical Centrifugal Sand Pump 


Free Technical Bulletin Sent On Request 


Over 25 years of Flotation Engineering 


DENVER EQUIPMENT COMPANY). 


1400 SEVENTEENTH ST. 


DENVER 
DISC 
FILTER 


DENVER 
STEEL HEAD 
BALL MILL 


DENVER 
VERTICAL 
PUMP 


HANDLES FROTHY PULPS 

A vortex is created in the feed bowl by the 
action of the runner in the bottom. This vortex 
action also prevents stalling or plugging from pulps 
containing sands or coarse materials. 


SELF-PRIMING, NON SURGING = 

With the feed bowl over the runner, no priming 
is necessary as any feed to the pump flows by® 
gravity into the runner intake opening. 
The Denver vertical design places the runner 
case in a horizontal plane and makes it impossible § 
for the surging common to ordinary sand pumps® 


when operated below capacity or on intermittent aaa 
or fluctuating feed flows. 


Sizes: %” to 4”, capacities to 400 g.p.m. @ 25% 
solids. Many sizes are in stock. 

Write or wire today, find out how a Denver 
Vertical Sand Pump will reduce operating and he 
maintenance costs and give you dependable pump- 
ing service. 


DENVER 
STEEL HEAD 
ROD MILL 


DENVER 

FEE 

DENVE 


DENVER SUPER 
AGITATOR AND 
CONDITIONER 
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They’re here now! 28,000-lb. HD-15’s with torque 
converter drive are already rolling off the assembly line. 


366—MINING ENGINEERING, APRIL 1954 


Allis-Chalmers Powerful HD-15 
its big work advantages 


. « « now offers choice of two outstanding drives — 


standard transmission with time-saving shift pattern, 


or widely accepted hydraulic torque converter drive 


From its introduction, the Allis-Chalmers HD-15 
has set new standards in performance and long- 
life service . . . in a new size class. It combines 
outstanding strength and balance with plenty of 
power, plus a simplified, time-saving transmission 
that gives big work output. In addition, the HD-15 
offers remarkable service simplicity, with features 
like unit assembly and 1,000-hour lubrication 
intervals for truck wheels, idlers, and support 
rollers. It has proved itself the kind of tractor 
required on today’s jobs. 

Now, hydraulic torque converter drive is add- 
ed as optional equipment — an additional work- 
ing advantage for the powerful HD-15. This ad- 
vanced design drive was introduced by Allis- 


Chalmers in the world’s first torque converter trac- 
tor nine years ago. This modern drive gets more 
done because it automatically provides the right 
combination of speed and pull every working 
minute... and hydraulic cushioning assures longer 
life for both tractor and auxiliary equipment. 
Now you can choose the HD-15 with stand- 
ard transmission or hydraulic torque converter 
drive. Either way you'll be getting the most ad- 
vanced tractor in the business. Let your Allis- 
Chalmers dealer give you all the reasons why. 


LLIS‘ CHALMERS 


TRACTOR DIVISION MILWAUKEE 1, U.S.A, 


Symbol of 
greater ovtpeut, 
longer life. 
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SHEFFIELD 


COPPER * MOLYBDENUM ® ALLOY 
GRINDING BALLS 


Mining and milling operations the world 
over record important net savings when 
the change is made to Sheffield Moly- 
Cop Grinding Balls. 


You get this economy and better quality 
production because Sheffield Moly-Cop 
Grinding Balls are unusually tough, have 
greater resistance to abrasion, and retain 
their spherical shape longer. The reason: 
Sheffield’s exclusive alloy and automati- 
cally controlled manufacturing methods 
produce a ball of finer, denser, more 
uniform structure. The result: fewer 
chargings, less “down time”, high pro- 
duction rate. 


Your nearest Sheffield resentative will 
show you how Sheffied Moly-Cop Grind- 
ing Balls will save costs in your opera- 
tion. Get in touch with him now. 


SHEFFIELD 


Export Representatives: ARMCO INTERNATIONAL CORP., MIDDLETOWN, OHIO 


CORPORATION 


HOUSTON KANSAS CITY 
TULSA 
s 
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s On some lode-type ores, 2 to 4 lb. per ton of sodium 
See fluosilicate increases selectivity. Where chromite ores 
: contain carbonates, these are first floated in an alka- ‘ 
8 line circuit with fatty acids and sodium silicate. Ap- 4 
é preciable amounts of included magnetite are removed } 
z by magnetic separation before or after flotation since i 
P the magnetite tends to report with chromite. 4 
5 Cyanamid Field Engineers are familiar with tech- 
f niques and results at successful chromite treatment Wy 
' operations. They stand ready to assist you on this or F 
* other beneficiation problems. A revised edition of our : 
¢ Chromite Treatment Brochure — one of a series of 4 
2 bulletins on Strategic Minerals — is also available on 3 
request. 

*AERO is a trade-mark of American Cyanamid Company applied to flota- 

tion reagents and chemicals used in ore beneficiation plants or processes. 


AMERICAN 


AERO” PROMOTERS 


Solve Chromite Flotation Problem 


Flotation of chromite from alluvial chromite-bearing 
sands and lode-type chromite ores is now a successful 
commercial process. Key steps in the process are 
scrubbing the flotation feed, desliming, and then con- 
ditioning at high pulp-density (60% to 80% solids) 
with a mixture of AERO Promoter 824 or 825, plus 1.0 
to 2.0 lb. per ton of an equal-parts-by-weight mixture 
of AERO Promoter 708 and fuel oil. 


MINERAL DRESSING DEPARTMENT 


NORTH AMERICAN CYANAMID LIMITED 


CYANAMID DE MEX;CO, S$. A. 


30 ROCKEFELLER PLAZA, NEW YORK 20, N.Y. 
Cable Address — Limenitro, New York 


CYANAMID PRODUCTS, LTD., Bush House, 


SOUTH AFRICAN CYANAMID (PTY.) LTD., 


company & 


€. P, CADWELL, Casilla 12983, 
Royal Bank Bidg., Toronto 1, Ontario, Canada Aldwych, London W. C. 2, England Correo 11, Santiago, Chile 


G. MALCOLM GLEN, 


+ 


Apartado No. 26012, Mexico 12, D. F., Mexico P. O. Box 7552, Johannesburg, Union of South Africa 377 Little Collins $t., Melbourne C. 1, Austrelie 
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ENGINEERING SIDELIGHTS OF SHASTA DAM: 


The clean, simple lines of this concrete gravity 
dam, towering 602 feet above the bed rock of 
the Sacramento River Canyon, give no hint of 
the mammouth engineering feats that had to 
be accomplished before the dam was con- 
structed. Prior to erection of Shasta, builders 
had to relocate 37 miles of mainline railroad, 
21 miles of main highway . . . drive 12 new 
railroad tunnels through the mountains and 
erect 8 bridges. Next they installed a complex 


system of overhead cableways that covered 
the entire dam and power plant areas. Sus- 
pended from these cables were 8-cubic-yard 
buckets used to carry concrete to far-flung 
job sites. Following this overwhelming pre- 
construction activity, erection of the dam itself 
seemed relatively easy even though enough 
concrete was poured to lay a three-foot walk- 
way completely around the world at the 
equator. In this instance, pre-planning was 
largely responsible for the successful con- 
struction of the project. 


In countless countries around the world you’ll find pro- 
ducers depending on Traylor’s curved crushing surfaces 
and non-chokable bell head features to assure steady 
output and boost production records. That’s because 
the curved crushing surfaces in a Traylor TC Gyratory 
apply power as a direct crushing force to reduce lifting 
and churning . . . packing and choking. These are only 
two of many Traylor Engineering achievements which help 
you produce a more uniform cubical aggregate at less 
cost. Free Bulletin 7112 gives a complete outline and 
description of all Traylor features. Send for your free 
copy today. 


TRAYLOR ENGINEERING & MFG. CO. 
634 MILL $T., ALLENTOWN, PA. 
SALES OFFICES: New York + Chicago + San Francisco 
CANADIAN MFRS: Canadian Vickers, Ltd., Montreal, P. Q. 8 
Built in seven sizes 
with feed openings from 
20” x 80” to 60” x 210". 


— 
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UNITED’S ADVANCED RESEARCH 


counts for you in exploration work 


MoMAG 


United's New Continuous 
Recording Total Intensity 
Mobile Magnetometer. 


UNITED 


SEISMOGRAPH + GRAVIMETER MAGNETOMETER 


P. ©. BOX M, 1200 SOUTH MARENGO AVENUE 
PASADENA 15, CALIFORNIA 


UNITED GEOPHYSICAL COMPANY OF CANADA 
531 EIGHTH AVENUE WEST, CALGARY, ALBERTA 
TELEPHONES: 27156-29252 
EDMONTON + REGINA 
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CHILEAN LEGISLATION 


ATION creating new conditions for Chil- 
ean copper mine operators has been signed by 
President Carlos Ibanez and is now before the Chil- 
ean Congress. One of the important features of the 
bill is the creation of a new exchange system for 
converting U.S. dollars into pesos. The new rate 
would be 110 pesos to the dollar, compared with the 
current exchange rate of 19.37 pesos. U.S. firms 
operating in Chile use pesos for wage payments and 
local purchases, among other things. 

The bill would also change income tax structure 
for copper mining. When production is at or below 
360,000 metric tons yearly, the bill calls for a 75 
pet tax rate. Taxes would scale down as production 
rose, dropping to 50 pct when production exceeds 
the 360,000 ton level. The copper companies are 
paying 60 pct of their profits to the Government on 
copper sold at 24% cents per lb. The Chilean Gov- 
ernment gets all income from sales above that price. 

If the law is passed as it is now written, the Cen- 
tral Bank of Chile would be eliminated as the con- 
trolling sales agency for the nation’s copper. In 
its place would be a ten-man National Copper In- 
stitute to step in when the government felt it neces- 
sary. Two members would represent U.S. firms. 
Anaconda Copper Mining Co. and Kennecott Cop- 
per Corp. are the two U. S. firms operating in Chile. 
The proposed Institute would be empowered to in- 
vestigate production and markets, authorize imports 
and exports, stimulate industrialization of copper in 
the country, and control social assistance and all 
other conditions related to the copper industry. 


C may not have all the high pressure salesmanship 
of a Madison Avenue advertising campaign, but 
plants around the country are adopting the idea that 
publicity—based on well-planned stunts—can sell 
safety to employees. Basic to the scheme is that 
“today’s workers don’t hold still for preaching and 
dictating . . . they have a taste for making up their 
own minds. The safety message must therefore be 
sold to them.” 

There are dangers involved in this kind of “light- 
hearted approach.” Showmanship in Safety, recently 
published by the National Safety Council, warns 
against doing things like putting a dunce cap on the 
clumsy worker who gets hurt. Making fun of work- 
ers or departments is out in this kind of program. 

Key to the approach is showmanship. Telling peo- 
ple that safety goggles are tough falls short of the 
effect of a good show, according to the Council. Be- 
fore starting a safety meeting, drive a sharp nail 
into the wall to hang a poster—using goggles instead 
of a hammer. A proper amount of fumbling for 
something to use as a hammer helps make the act 
convincing. Practice beforehand is recommended. 

How does it feel to be blind? Blindfold a group of 
volunteers and ask them to light cigarettes. Another 
stunt illustrates the odds against the man who bets 
on his life. Take the powder out of a cartridge, de- 
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SHOW MANSHIP 


ASBESTOS 


tonate the primer, and reassemble it. Break the 
revolver in front of the class and place the dead 
cartridge in one chamber. Let the men think the 
cartridge is a live one. Ask them if anyone would 
like to demonstrate Russian Roulette. In the event 
that someone does, tell the class the cartridge is 
harmless, but ask if they would volunteer in a bar 
in a strange city. The procedure then is to point out 
that the odds are one to six—and that there are some 
kind of odds on every job in the plant. It’s up to 
them to turn the odds in their favor. 

Colorado Fuel & Iron Corp., in its CF&I Blast, 
company newspaper, has adopted some of the show- 
man techniques. Using photographs illustrating the 
aimless and senseless wanderings of a skeleton, it 
employs the “this can happen to you” approach. Mr. 
Bones has no eyes because he forgot to wear his 
goggles and he went to hell because he insisted upon 
riding couplings between rail cars. Mr. Bones also 
took another last step down a cluttered flight of 
stairs, illustrating the idea that poor housekeeping 
can be murder. 

Kaiser Aluminum’s Chalmette works is using an- 
other approach. Color is being employed in the ma- 
chine shop. Red is used for fire prevention or con- 
trol equipment, yellow for safety guards and devices, 
green for safe areas and machine parts, blue for gas 
lines or gas burning equipment, ivory for measuring 
or gaging devices, and orange for electrical fittings, 
switches, and controls. 

Crucible Steel Co. of America has issued a comic 
book type publication to all its employees. Theme 
of the book is “Crucible a Safe Place to Work.” It 
is designed to make reading about safety easy and 
painless—and without consuming worker’s time. It 
tells the story of a new employee who is guided 
through the plant on a tour that shows him what has 
been done for his safety—and the advantages in 
using the devices fully. 


MERICAN Smelting & Refining Co. is about to 

spend $20 million on a lake drainage project in — 
Canada that will make possible the mining of some 
50 million tons of asbestos ore. The lake to be 
drained is Black Lake in Megantic County, Quebec. 
Most of the asbestos used in the U.S., and about 70 
pet of the rest of the free world’s requirements come 
from this small section of Quebec bordering on the 
State of Vermont. Known as the Black Lake- 
Megantic-Thetford mines region, it holds the world’s 
largest asbestos mines and mills. 

Lake draining will make open pit mining possible. 
While the Black Lake deposit has been only par- 
tially explored, more than 3 miles of underground 
workings have been completed beneath the lake. 
In addition, extensive diamond drilling programs 
have been conducted from the ice during winter. 

The $20 million represents AS&R’s first major 
Canadian investment, according to Tancrede L’Abbe, 
a provincial cabinet member. Plans for lake drain- 
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age and creation of an artificial lake as well as con- 
trolling dams have been filed and accepted by 
Canadian authorities. Development of the Black 
Lake deposits was initiated and carried to the pres- 
ent stage by United Asbestos Corp. Ltd., Toronto 
and Montreal. The American and Canadian corpora- 
tions will act jointly. Initial mill capacity will be 
5000 tpd. 


EVENTY-FIVE years ago last month the U. S. 

Geological Survey was established as an official 
department of the Government. Until that time, the 
mapping of the U. S. had been carried out largely by 
individual groups, often authorized by the Govern- 
ment, but working independently for the most part 
of each other. Clarence King, first director of the 
USGS, organized the work, and helped set the pat- 
tern of action, which, under William E. Wrather, 
recent winner of the John Fritz Medal, continues 
today. Among others who served after King was 
Major John Wesley Powell. Largely self-taught, 
Major Powell was one of the most colorful professors 
in American education during the nineteenth century. 

In 1867 he took a small group of his Illinois Wes- 
leyan students on a field trip to Colorado, leading the 
party through the then unexplored Grand Canyon. 
He was the kind of man who pushed the work of the 
USGS to the point where maps of almost any seg- 
ment of the U. S. can be purchased for negligible 
amounts. In an article in The New York Times, it is 
pointed out that the U. S. is one of those rare nations 
who have had the opportunity to “explore and map 
from scratch the greater part of an entire continent.” 
As long as any part of the job remains, the USGS is 
still pioneering. 


URING 1953, 67 pct of all underground fatalities 

in bituminous and lignite mines were from roof, 
face, or rib falls. The percentage increased by five 
over the 1952 figure. However, since there were 
fewer roof-fall accidents in 1953 than in other years, 
the increase by percent does not offer an “equitable 
comparison,” the Bureau of Mines indicates in its 
recent report. 

The inference to be drawn, says the Bureau, is 
that, “other types of accidents are being controlled 
more successfully than roof falls, and [this] points 
to the need for more concerted effort by the entire 
industry to prevent roof-fall accidents.” 

Significant in the report is that the study of some 
225 fatalities showed that human failure was respon- 
sible for 88 pct of the deaths. Unseen and unavoid- 
able dangers accounted for the rest. Management, at 
various levels, was responsible for 32 pct of the 
fatalities and employee failure accounted -for a simi- 
lar percentage. Joint or undetermined human fail- 
ure accounted for the remainder. 


USGS ANNIVERSARY —— UNDERGROUND FATALITIES——— NICARO NICKEL—— y 


The report states, “It is not intended to imply that 
all managements or all employees are careless, neg- 
ligent, or indifferent to roof-fall hazards. Many 
managements have made such determined efforts 
toward eliminating the roof-fall menace that their 
mines have been operated for long periods of time 
without a fatality.” The report notes that many 
mine workers have learned to respect the roof-fall 
menace and have worked 30, 40, and even 50 years 
or more without injury. 

Seventy-one pct of the deaths investigated oc- 
curred within 25 ft of the working face, with 83 pct 
of these fatalities in the relatively small area between 
the last permanent roof support and the face. 

While 20 fatalities happened at working faces and 
on haulage roads where roof bolts were the perma- 
nent support, in no case did “roof-bolt failure per se 
cause the accident.” In most instances, the fall hap- 
pened nearby, or in the direction of the workings. In 
most cases, it is reported, falls resulted from improper 
application of roof bolting. Average experience of 
men killed was 22 years, average on-the-job ex- 
perience was 8 years, and their average age was 44. 


HE U. S. Government-owned Nicaro nickel 

plant in Oriente Province, Cuba, showed a deficit 
of about $250,000 in operating costs for the year end- 
ing June 30, 1953. At the same time it was reported 
that return from transfers of nickel to the Govern- 
ment stockpile at less than market prices resulted in 
approximately a $725,000 saving. Total income from 
nickel sales was about $11.2 million according to the 
report recently declassified by General Services Ad- 
ministration. Net operating receipts were from sales 
to industry at market prices ranging from 50.75 to 
61.75¢ per lb. Transfers to Government stockpile 
were made at 41.50¢ per Ib. 

Nicaro Nickel Co., owners of the deposits, received 
$1,648,260 in royalties at the rate of 6.301¢ per 
lb of the nickel-cobalt content of the oxide obtained 
from the ore. It cost $1,046,156 to get the plant into 
full operation. Nicaro produced 31,220,818 lb of 
nickel in its second run which began January 1952. 
The plant was producing at the rate of 27 million 
lb a year during the last quarter of the 12 months 
dealt with in the report. The June rate was at 28.3 
million lb per year. Nicaro is operated by Nickel 
Processing Corp., whose majority ownership is held 
by National Lead Co. 

The report shows an improvement in the financial 
situation of Nicaro during the second run. During 
the 40 months of the first operation a deficit of $3 
million was incurred, compared with a $250,000 
deficit for the second run. GSA says that in terms 
of immediate out of pocket costs, the second opera- 
tion is paying its own way. That a higher level of 
output has been reached is indicated by compara- 
tive figures. GSA, in reporting to the Senate Armed 
Services Committee, noted that the increase in out- 
put has been made possible by improvement in 
nickel recovery rate per ton of ore. 
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Stops Blinding 


Increases Capacity — Cuts Screening Costs 


You can screen fine, moist material continuously 
with a Thermo-Deck heating unit. No down time re- 
quired to clear fine or medium mesh screen cloth! 

Heated screen cloth remains open . . . you get more 
tonnage through the screen and better separation. 

Operating records prove that heated wire cloth screens 
last up to t times longer than non-heated cloth, be- 
cause they do not have to be pounded free of blinded 
material. For the same reason, you save man-hours too. 
These lower costs increase your profits. 

The Thermo-Deck unit can be applied to Allis- 
Chalmers screens in the field. See your nearby Allis- 
Chalmers representative for complete details. Or write 
Allis-Chalmers, Milwaukee 1, Wis., for Bulletin'(07B7812. 


For Intermittent Feed... ADD A STA-KLEEN DECK 


If feed is intermittent, fine material may bake on the 
wire cloth during interruptions in feed. Heat which 
ordinarily is absorbed by moist material increases the 
temperature of the wire cloth sufficiently to cause any 
fine material to bake on. The addition of a Sta-Kleen 
deck effectively prevents this. Bouncing rubber balls 
between the screen cloth and a ball retaining deck 
clear the cloth of baked-on particles, 


ALLIS-CHALMERS 
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yr are not using the flotation method 
of separating non-metallic minerals, put sci- 
ence to work for you now. We od the 
chemicals which attach themselves to certain 
minerals, render their surfaces hydrophobic, 
and cause them to be separated and concen- 
trated during flotation. Because Armour was 
the first to produce non-metallic flotation 
a and has been proving them in the 
field ever since, we have learned which 
chemical will bring the minerals you want 
out of your ore. With Armour chemicals you 
can make higher grade concentrates and 
bring each group of desired minerals out 
of your ore one by one. And only a table- 
spoon of Armour chemicals is needed to 
oat minerals in a ton of ore! 


If you're already using the flotation 
method, you know its efficiency and econ- 
omy. But we do ask that you glance at our list 


of proven separations below —.our chemicals 
have produced outstanding results with those 
ores. Armour’s anionic group of flotation 
chemicals are fractionally distifled fatty acids. 
The cationic group includes high molecular 
weight aliphatic amines and their water sol- 
uble amine salts, as well as quaternary 
ammonium salts. Write to Armour today for 
more information and samples. Let Armour’s 
flotation chemicals float more pare minerals 
up from each ton of your ore! 


Proven separations 


Amblygonite Barite Beryl Cement Rock 
Chromite * Feldspar Fluorspar Hematite + Iimenite 
Kaolinite * Manganese * Mica * Phosphate + Potash 

Salt * Scheelite + Silica * Spodumene « Syenite 

Tale * Vermiculite 


A ARMOUR 
CHEMICAL 
DIVISION 


y, 1355 W. 31st St., Chicago 9, Hil. 
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Peruvian Iron Ore 
for the Bir ocingham 


CARRIERS handle the load— | — 
2000 tons per hour, 
at low cost per ton 


In 8 hours or less this ship will be loaded and on its way to sea, 
carrying Peruvian iron ore bound for the mills of Birmingham or 
Pennsylvania. 


The efficient conveying and handling system that maintains this 
schedule day after day is equipped throughout with S-A “Simplex”, 
220 Series Carriers, 


“Simplex” Carriers were chosen for their extremely long life and * Ss 
trouble-free operation in rugged service under exposure to dust and MARCONA MINING COMPANY 
weather . . . doubly important in an installation thousands of miles (Subsidiary of Utah Construction Co.) 


Extra-strong spun-end roller construction that eliminates welded end This complete conveying and handling system, 
pilates and easy lubrication from one or both sides are just two of the largely S-A equipped, includes conveyors, trippers, 
many features that make S-A “Simplex” Carriers outstanding for screens and scalpers. Ore is carried to stock piles 
low-cost operation on tough jobs. at the dock by 42’ belt conveyors and distributed 
by special trippers. A tunnel conveyor reclaims the 


In the complete S-A line, there’s a carrier to help you move material ore and brings it by 1000’ x 60” belt conveyor to a 
at lowest cost, whatever the tonnage, size of belt or material handled. ereveling leading tower having © capacity of 2600 
An S-A engineer will be glad to show you which is best for tons per hour. Here « 36” = 65’ belt conveyor on a 


you—and why. Or write for our Catalog 2-C. swivel boom loads the ships of the 30-vessel fleet. 


STEPHENS-ADAMSON MFG. CO. 


37 Ridgeway Avenve, Aurora, Ill. — Los Angeles, Calif. — Belleville, Ontaric 


Engineering Division 
design and manufacture of al! types 
vik moter conveying systems. 

plex 220-Series spun 4 3° Standard Products Division 
end interchangeable rolls. A complete of accessories including centrifugal 
Roller bearings and die leaders—cor pullers—bin level controls—etc. 
cast labyrinth seals insure <? 
long trouble-free life under c A complete line of industria! ball bearing units 

operating conditions. < available in both stondord and special housings. 
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Kop Thursday afternoon, the fourth and last day 
of the Annual Meeting, a group standing on the 
mezzanine of the Statler commented that meetings 
were still in progress, people hustled and there was 
absolutely no let-up or let-down as things drew to a 
close. We visited a business meeting and a technical 
session that afternoon, both were well attended and 
both lasted till late. People regretfully dashed for 
trains and planes, not wanting to miss anything. 
That tempo began Sunday afternoon, when early 
registrants turned out in large numbers and the 
MIED met with their colleagues at Columbia Uni- 
versity. Perhaps the climax of the MGGD activi- 
ties was Tuesday with the Division luncheon and a 
colorful presentation, by Fred Searls, of the Jack- 
ling Lecturer, Reno Sales. This was followed by 
a session of outstanding papers on the economic 
aspects of geology, and wrapped up with the Mining 
Branch dinner that evening. But, it would not be 
fair to the Mining Branch to say that any day was 
bigger than any other. For example, MBD had three 
sessions and joint sessions going simultaneously in 
the Penn Top, not to mention activities of Coal, In- 
dustrial Minerals, or Mineral Economics Divisions. 


AST month in Drift mention was made of the 

Divisional Publications Committees and the vital 
job they perform. With the Annual Meeting just 
past it is not too late to remind everyone of the 
wonderful job done by the Program Committees this 
year, (and every year). If you were unable to at- 
tend, a glance at the program will show the variety 
and depth of the mining program. Not without com- 
mendation should go the excellent correiation pro- 
vided within sessions, and the cooperation of the 
CIM, SEG, and other groups. 

Now being organized for the coming year, these 
committees deserve everyone’s help, suggestions, 
and 100-pct cooperation in building the 1955 pro- 
gram for Chicago. Of course, the Program Commit- 
tees are more than pointing for 1955—the Pacific 
Northwest Metals and Minerals Conference sched- 
uled for April has its program in this issue—and 
the slate of divisional and regional meetings for the 
Mining Branch has been filled for this fall. 


IDE publicity was received by the meeting 

this year. Major New York papers, AP, INS, 
and UP had reporters covering the meeting, and 
much local and national space was used. The New 
York Times carried one to three stories a day from 
the Sunday before the meeting until the Sunday 
following. National coverage improved. Some of 
the reporters from the financial sections had a field 
day talking with representatives of the Raw Mate- 
rials Div. of the AEC at the meeting. Some uranium 
mining and finding promotions have been using the 
false screen of “atomic secrecy” when pressed for 
details of operations. 

Along with its Hard Luck and Hard Rock Charlies, 
the Colorado Plateau, like all great ore rushes, has 
provided opportunity for the usual stinkers. Some 
promoters always prefer to dig in city phone books, 
and try Geiger counters on boiler room phones, in- 
stead of out on the Hill. Financial editors are con- 
stantly pressed for information by prospective in- 
vestors or for space by stock promoters, and they 


Drift of “Thinge 


went away from this meeting with a much clearer 
idea of activity on the Plateau, and of just how 
much information the AEC has made available on 
uranium mining. One highlight along this line was 
a paper by Philip Simmons on uranium mining and 
prospecting. The very readable text of his paper, 
and some colorful photographs form the article 
starting on page 377 of this issue of ME.—RAB 


MINERAL commodity that has been under dis- 

cussion for many risings and settings of the 
moon is an almost unheard of substance called coal. 
Having lost its usefulness as a space consumer in 
the basement of your home, the men that refuse to 
quit pulling it out of the ground have been forced 
to look for other uses of the material. After many 
years of research, this obstinate group has discov- 
ered that certain types of the carboniferous sub- 
stance can be used to make the bases for desk sets. 
Now, having further discovered that Prof. A. E. 
Flynn, president of the CIM, hailing from the coal 
mining province of Nova Scotia, and Drew Fletcher, 
ardent supporters of other commodities, were both 
present at the Annual Meeting, the first two desk 
sets made were presented to these gentlemen. The 
Coal Div. luncheon was the scene of this presenta- 
tion. We know of no other place that would have 
equaled this to introduce a new coal product. It is 
already estimated that coal production will be in- 
creased 30 tons per year with the advent of these 
desk sets. This is all in fun, but look at the AIME 
News Section and see what the sets look like, and 
you will agree that it was a very attractive and val- 
uable token of appreciation. Of course, Ralph Kirk's 
able presentation enhanced the value of the gift 
substantially. 

But to get back to the major effort of 1954, it was 
without question the largest meeting in the history 
of AIME, and one of the most successful. Large 
gatherings such as this provide a fertile ground for 
dissatisfaction and complaint, but 1954 was conspic- 
uously void of this type of activity. In a few in- 
stances, meeting rooms were too small, but ex- 
amination shows that the sessions registering an 
overcrowded condition had record attendance. In- 
formation used to select rooms was outdated. 

Especially in the light of AIME Secretary 
E. H. Robie’s fine Drift article on the subject, it was 
heartening to see many Junior Members in attend- 
ance. But, there still weren’t nearly enough. Stu- 
dent turnout was fairly high, and the large group 
from Montana School of Mines must be mentioned. 
Some of these fellows pitched in and ran projectors 
at the sessions they attended, a job for which a be- 
lated “thank you” is now extended. 

Best attended Annual Meeting in Institute history, 
the largest, and with an outstanding program, it 
deserves more than a “big-turnout, a-good-time- 
was-had-by-all” type write up. For a detailed re- 
port with pictures turn to page 427. Here, too, co- 
operation must be credited. Session chairmen and 
reporters turned in interesting and complete reports, 
and as large a selection as possible of this is in- 
corporated in the wrap-up of the 1954 edition of 
that get-together and mental workout called the 
Annual Meeting. 
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"Teenty miles west of Belle Fourche, South Dakota, 
Busfield Bros. operate a bentonite strip mine. To reach 
the 24-foot bed of clay it’s necessary to remove 20 to 
25 feet of overburden. 


After years of experience, Busfield Bros. now have 
nothing but Cat*-powered equipment on this job. Three 
D8 Tractors with No. 80 Scrapers and one D7 Tractor 
pulling a No, 70 Scraper move up to 180,000 cubic 
yards of earth per month. 


The owners look at Caterpillar machines as a sound 
investment. Mr. Edwin Busfield says: “We've bought 
a new D8 and Scraper every spring for thé last three 
years. Profits from their operation enable us to buy 
additional Cat equipment which we know will last a 
long time.” 


A Caterpillar D8 Tractor has the power and trac- 
tion to top any unit in its class for steady production. 
And it has the stamina to keep on producing month 
after month with a minimum of down time. The No. 80 
Scraper is its perfectly matched teammate—scientifi- 


cally designed for fast loading and clean spreading, and 
ruggedly built for long work life. 

When you buy strip mining equipment, look at your 
final cost per yard. How much production will you get 
in a year? How much down time will cut into your 
profits? And finally, what will the machine be worth 
when you're ready to sell it? 


Talk it over with your Caterpillar Dealer. He'll give 
you a demonstration on your own job. And he backs 
every product he sells with reliable service and genuine 
parts Call him today. 


Caterpillar Tractor Co., Peoria, Illinois, U. S. A. 


CATERPILLAR’ 


“Both Cat and Caterpillar are registered trademarks 
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County, N. M. uses this Traxcavator HT4 shovel to move ore. 


Hints for the 
Prospector and Miner 


by Philip W. Simmons 


HE Colorado Plateau uranium province is in a 
mining boom rivaling the most colorful days of 
the early West. The application of scientific skills 
and the use of modern and novel mechanical equip- 
ment, however, is unique. No metal has ever re- 
ceived such concentrated effort from geologists and 
mining engineers. Moreover, no other metal has had 
the variety of tools available for finding and min- 
ing ores. Radiation detection equipment, bull- 
dozers, truck-mounted wagon and core drills, jeeps, 
airplanes, helicopters, tractor loaders, self-propelled 
3-wheeled dump cars, front-end loaders and fleets 
of modern trucks are some of the present-day tools 
of the uranium prospector and miner. 
Because uranium is so vital to our national de- 


PHILIP W. SIMMONS is Mining Engineer, Mining Div., Grand 
Junction Operations Office, AEC Raw Materials Div. 
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fense, the Atomic Energy Commission has offered 
many incentives for its mining. Through a series 
of circulars, the AEC has established base price 
schedules and various incentive payments. The in- 
centive payments for acceptable ores from domestic 
mines are: (1) a guaranteed base price of $3.50 per 
lb for ores assaying 0.20 pct U,O, and more; (2) 
premiums based on grades above 0.20 pct U,O, as for 
example, ores assaying above 0.50 pct U,O, receive 
$1.00 per lb premium; (3) a development allowance 
of 50¢ per lb of U,O, contained in ores assaying over 
0.10 pet U,O,; (4) an ore haulage allowance of 6¢ a 
ton mile for a maximum of 100 miles; and (5) an 
initial production bonus which may amount to as 
much as $35,000 in addition to all other payments. 
The producers have been guaranteed this policy 
until Feb. 28, 1957. The other four will continue 
until April 1962. 


LEFT—Useful unit on the Plateau is this three-wheel self-propelled dump car. Equipped with a 1-ton box, the machine 
will negotiate 26 pct grades. RIGHT—One of the difficulties encountered in the uranium country is the rugged terrain. 


This access road winding down a cliff in Garfield County, Utah, typifies one of the expenses of mining on the Plateau. 


Mechanization grows in uranium mining with front-loading shovels becoming popular. Mining operation in McK 


For the better understanding of these five items, 
this illustration uses a hypothetical ton of ore 
which has an assay value of 0.55 pct U,O,. 


Base price $3.50 x 11 Ib $38.50 
Premium above 4 Ib at 75¢ (7 x .75) 5.25 
Premium above 10 |b at 25¢ (1 x .25) 25 
Development allowance at 50¢ (11 x .50) 5.50 


Base Price 


$49.50 
Production bonus (after certification) 38.50 


Total $88.00 


A property producing this grade of ore and cer- 
tified as eligible to receive bonus payment for the 
initial 10,000 lb of U,O, would receive $79,992.00 
for the first 909 tons sold. After that the operators 
would receive $49.50 per ton. 

However, most of the Plateau ores contain vana- 
dium. The theoretical ton should contain about 30 
lb of V,O, which would add $9.30 to the value of 
each ton sold. 

There are 12 strategically located ore purchase 
depots on the Plateau at this time with prospects of 
more being added as the need arises. On delivery 
to any one of these plants, the miner receives 6¢ 
per ton mile haulage allowance from mine to plant 
up to a maximum of 100 miles. 

Since 1951, the Atomic Energy Commission has 
been recommending and justifying the expenditure 
of access road funds for improvement and construc- 
tion of roads used in hauling uranium ores. To date, 
approximately $6 million has been spent on these 
roads. Domestic uranium mining has the greatest 
array of incentives ever made available to the 
mining public. 

There is romance and color, riches and bitterness 
attached to uranium mining, and the people who 
are a part of this industry will someday be worthy 
of a storyteller’s attention. So far, no Mark Twain 
or Jack London has come forward to eulogize the 
searing summer heat, the tortuous roads, the freez- 
ing winters, or the tremendously rugged canyons 
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and cliffs that characterize much of the Colorado 
Plateau. Those who are working in this area, which 
is probably the most scenic in America, are prone 
to view a particularly high cliff as an extremely 
costly osbtacle to traverse with a road instead of 
bursting into poetic rhapsodies about the beauty 
of it. 

Yet the uranium prospectors and miners can be 
justifiably proud, for in spite of these obstacles, by 
their efforts, they have explored and developed a 
vast mining province once considered worthless. 
Less than 10 years ago, the Colorado Plateau was 
thought a waste land of barren sandstones except 
for a few places where radium and vanadium ores 
were mined. Today, these sandstones are the source 
of uranium ores and have brought riches and pub- 
licity to many a miner. It is considered the world’s 
second largest producer of uranium ore. 

The search is not over. Every day prospectors 
visit the AEC Mining Div. inquiring about favorable 
areas to prospect or submit samples which they hope 
contain uranium and may represent a new discovery. 
Two recent discoveries are characteristic of what 
prospectors are doing. Their stories may seem 
fantastic. 

For example, there is the school janitor who made 
a hobby of tramping the hills on week ends pros- 
pecting. A friend and neighbor purchased a Geiger 
counter, and to demonstrate its use, started testing 
some of the rocks in the old-timer’s rock garden. As 
one may anticipate, one of the rocks was hot; that 
is, radioactive, but being mixed up with 30 years 
accumulation of other rocks, the source of that par- 
ticular chunk became an engrossing mystery. 
Contrary to popular endings of lost mines, the area 
where he found the original rock was located after 
18 months of searching. Subsequent investigations 
and recent shipments of ore indicate a deposit of 
commercial value. 

Last September, a man came to the Grand Junc- 
tion office, loaded down with bricks—not the red 
kind, but just common old gray bricks. His story goes 


Calyx drili holes are being adapted for 
the exploitation of uranium orebodies not 
accessible through tunnels. The unit is 
putting down a 36-in. hole to a depth of 
200 ft, where drifts will be run from the 
shaft in the conventional manner. Temple 
Mountain, Garfield County, Utah, is in 
the background. Above, a section of the 
36-in. core from the ore zone. Rate of 
advance in holes this size is about 10 ft 
per day, working two shifts. 
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Temple Mountain, Emery County, Utah, 
has produced $2 million from the lower 
light-colored band which is the main ore 
producing horizon. The rugged peaks are 
Wingate sandstone of early Jurassic age 
and this occurrence is one of the few 
where the Wingate is mineralized. 


like this: One day he took a newly purchased 
Geiger counter, entered his car and drove to the 
foot of a hill known to have some uranium. He 
parked the car in an old abandoned farmyard near 
a tumbled down dwelling. To get the feel of the 
instrument, he turned it on and scanned the rocks 
scattered around the yard. To his surprise, he 
picked up a count that was above background and 
finally established the fact that the bricks in the 
old fireplace were radioactive. By questioning some 
of the old timers in the area, he found that the 
bricks had been made locally in the early days from 
a nearby clay pit. By the time he came to see AEC, 
he had proved the clay deposit sufficiently radio- 
active to be of ore grade, and was busily engaged in 
trying to obtain the mining privileges from the 
owner on whose farm the pit was located. 

There are countless opportunities for good, in- 
telligent operators, but the era of the pick and 
shovel miner striking it rich is fast drawing to a 
close. Uranium mining is entering the period when 
exploration may exceed the small man’s means, yet 
be well within reach of moderate capital. 

The manner in which the operators are at present 
meeting the problems of prospecting and mining is 
an interesting story in itself. The tools and tech- 
niques employed vary widely—from hand opera- 
tion, two-wheeled dump carts and horse transporta- 
tion to the most advanced combinations of trac- 
tors, scrapers and shovels. Although individual 
applications of any one of these methods may be 
entirely suitable for a particular orebody, none are 
universally adaptable. Therefore, no attempt should 
be made to make an operation fit the equipment on 
hand just because it is available. 

To better understand the lack of uniform prac- 
tice, it is necessary to appreciate the fact that the 
orebodies are erratic in size, shape, grade and loca- 
tion. Individual orebodies range in size from a few 
tons to as much as several hundred thousand tons 
in a few cases, but in many localities where there 
are a number of small disconnected deposits, they 
can be mined as a unit only by careful planning. If 
the orebody is large, there is no particularly in- 
volved mining problem, for the yield will be suffi- 
cient to make up for any weaknesses in practice. 

It is the small, relatively thin deposits which 
cause the greatest concern to the new miners. The 
inexperienced ones are apt to try to mine under- 


ground with big equipment, such as a front-end 
loader which requires 8%-ft clearance. With the 
ore 2 to 3 ft thick and because selective blasting is 
slow, there is a tendency to blast the whole 8% ft 
and ship all. The result of this mixing decreases the 
grade, makes the operation unprofitable and causes 
the miner to visit Grand Junction with criticisms 
that the purchaser has not assayed the ore properly, 
not cut the sample carefully or has substituted 
someone’s lower grade pulp. The skilled Plateau 
miner, on the other hand, even though he may have 
the big equipment available, will remove such ore 
by pick and shovel and hand load into the bucket 
of a front-end loader if that is the only way he can 
make a commercial product. This practice has been 
demonstrated to be sound and good procedure. 
Newcomers to the Plateau, however, often jump to 
the erroneous conclusion that all uranium miners 
are mentally retarded individuals that do not un- 
derstand the benefits of advanced mining machinery 
design. It is easy to over-mechanize a uranium 
prospect. 

Front-end loaders and self-propelled 3-wheeled 
dump cars are widely popular pieces of uranium 
mining equipment, for the miner of today is striv- 
ing to eliminate laying track and to avoid hand 
tramming. Laying track is costly, especially when 
it is found the installation becomes useless or ex- 
pensive to operate after the orebody has pitched 
downward and then back up again. Except for a 
few exceptionally large deposits, the ore may be in 
bands both in the floor and back. Within a few feet, 
either or both bands may pinch out or coalesce and 
swell to form solid ore from floor to back. In a most 
disconcerting manner, the ore may roll down below 
the drive level and then twist up or down again. 

With a self-propelled unit, there are no tracks 
and no tuggers to raise the ore up to the tracks 
when it pitches downward. Instead, the miner fol- 
lows the floor of the ore. If the ore pitches down- 
ward, the ore is underhanded and the self-propelled 
unit goes downgrade. In other words, they can 


follow the undulating floor of the ore as it is mined 
and negotiate sharp turns to enter narrow passage- 
ways as the ore pinches. Uranium mining is not a 
tonnage affair—at least, not in its exploratory phase. 

Mining uranium has come a long way since 1948 
when many small operators were hauling ore out in 
hand buckets in the famous Moab district. In 
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those days, the miner was confined to mining trees 
because they contained the high-grade ore as the 
price paid for U,O, was but $1.50 per Ib. 

Now for the question which so many would-be 
prospectors are asking: “Can you strike it rich in 
uranium?” Some have, but many others have not. 
According to an article in the January issue of 
Mechanix Illustrated, “a guy can get awful rich.” 
Yes, this is true, you can strike it rich but don’t 
count on doing so to the extent of gambling your 
future upon the off chance you will be among the 
fortunate few. Lady Luck gets so involved in ven- 
tures of this nature that science is not always in the 
driver’s seat. A tale or two serve to illustrate the 
importance of the element of chance. 

In 1948, a copper mine was purchased '’tis said, 
at the price of $1000. It has now been developed 
into the largest copper-uranium deposit in the coun- 
try. The mine was known for years. A market 
change raised a byproduct to principal status. 

In the Moab district, a wildcat exploratory hole 
was drilled which made a bull’s-eye in an orebody 
that is still expanding after 2 years. 

A phenomenally large orebody was found stick- 
ing out on the surface in an isolated area. The 
prospector who discovered it had come to Grand 
Junction without previous mining or prospecting 
experience. He gathered a great deal of informa- 
tion from the AEC offices, and learned all that he 
could about the problems of rim walking. He spent 
8 long, hard, tremendously exhausting months 
walking rims, chanced upon the exposure that made 
him wealthy practically overnight. Others walk 
rims for longer periods without notable success. 
Mere physical hardship and effort will not neces- 
sarily make you rich. If luck does not enter into the 
picture, then many theories must be re-evaluated. 

Here are a few facts to soak up before packing 
up and heading for the Colorado Plateau. 

First, if you hope to strike it rich during your 
2 weeks vacation period, forget such dreams and 
spend them at a resort. Prospectors by the hundreds 
are scouring the hills but only about one in a thou- 
sand is rewarded by finding an orebody above 
average. 

Second, to prospect for uranium requires capital. 
The day of that picturesque couple—the bearded 
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Ingenuity is the order of the day for an 
operator on the Plateau, where simplicity 
must be combined with productivity in 
any machinery. The half-track with the 
boom serves as both hoist and tram. 
Hoisting from a 30-ft shaft, performance 
in the past 2 years precludes abandon- 
ment for other types of installations. The 
wooden structure on the left is an air 
scoop erected to face the prevailing 
winds. Although not entirely satisfactory, 
the apparatus has supplied enough air to 
clear out gas pockets. 


prospector and his faithful burro—is an incident of 
the past. Modern prospectors carry Geiger counters 
or scintillometers, travel by jeeps and scan the rims 
from airplanes. A trailer comes in handy to save 
time and commute less frequently to civilization. 
If you don’t have these aids, you automatically 
multiply the chances against success by reducing the 
area you can cover. 

Third, to be a successful prospector on the Pla- 
teau, you must have some of the sheepherder’s self- 
sufficiency and resourcefulness and a goat’s ability 
to navigate. The canyon country is rough and 
rugged and is not safe for those with weak hearts 
or feet. 

It is not intended to discourage anyone in trying 
to find a uranium mine—dquite to the contrary. Nev- 
ertheless, everyone should understand the difficulties 
to be encountered. The foregoing deals exclusively 
with the seeker of new undiscovered orebodies. 
For those who wish to develop, rather than explore, 
the problems are less overwhelming. 

If you come out on your own or as a repre- 
sentative of one of the established mining com- 
panies, come to the AEC offices in Grand Junction, 
discuss your problems with members of the Mining, 
Exploration and, Processing Divisions, then spend 
several weeks driving around the Plateau visiting 
mines, talking with chance acquaintances, AEC 
personnel, prospectors, and consulting engineers. 

Uranium mining is different—different in just 
about every way from what mining men have come 
to consider standard practice. The new entrant 
into the field can save himself dollars and heart- 
aches by observing current practices. Even the 
common terms of trees, logs, and rolls must be 
studied and understood. 

Drilling has extended the known ore deposits 
into zones requiring entry by shafts. For years, the 
ore has been mined through surface tunnels. Some 
of the known horizons now require shafts up to 600 
ft in depth. As drilling progresses, it can be ex- 
pected there will be more and deeper shafts. It is 
in the sinking and utilization of these shafts that 
the men and company with hard-rock experience 
will come into his own. 

There’s the picture. It is rough and tough, but 
there’s lots of room and chances of success are good. 
What more encouragement does anyone need? 
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White Pine Mine Development 


Flat lying, deep seated ore calls for mobile equipment, conveyor haulage 


by Richard F. Moe 


BEHIND THE GO-AHEAD SIGNAL for White Pine lay 
the solution of complex financial and metallurgical 
problems. Mineralogically and structurally in a 
class by itself among large copper deposits, there 
was the challenge of mining bedded ore too flat ly- 
ing and too deep-seated to permit either block caving 
or open pit mining. Operation and equipment more 
common to coal or phosphate are being adapted 
here to hard rock copper ore. Gearing men to ma- 
chines for a new job with a tight construction sched- 
ule in a wilderness area calls for ingenuity, on-the- 
job training, and the best available equipment. A 
great deal of thought and planning has gone into the 
workings now taking shape beneath the townsite 
growing amidst the timberland in Ontonagon 
County, Mich. 


NTEREST in developing White Pine, considered 

since 1942, was renewed by the Korean conflict 
and its shortage of domestic sources of copper. In 
view of this Morris F. La Croix, president of Cop- 
per Range Co. of Boston, and of its wholly owned 
subsidiary, White Pine Copper Co., worked an 
agreement out with Government officials. 

Essentially the contract called for a construction 
loan of $57,185,000 at 5 pct interest, with $13 million 
additional supplied by Copper Range. Defense Ma- 
terials Procurement Agency contracted for 243,750 
tons of copper from the first 275,000 tons produced, 


R. F. MOE is Mine Superintendent, White Pine Copper Co., White 
Pine, Mich. 


at a base price of 25.5¢ per lb, the contract to expire 
Dec. 31, 1961. 

In February 1952 the detailed planning began and 
all design and engineering organizations were con- 
centrated in Chicago to expedite the project. Simul- 
taneously field forces were marshaled at White Pine 
to start preliminary construction with prime con- 
sideration to the mine portal and nonprocess build- 
ings. By Mar. 28, 1953 mine construction was com- 
plete, and development work for the 12,500 tons 
daily production began. 


Geology 

White Pine is on the extreme western end of the 
northern peninsula of Michigan, about 100 miles 
west of Marquette, Mich., and 125 miles due east of 
Duluth, Minn. The orebody lies on the western slopes 
of the Keweenaw Peninsula, 75 miles southwest of 
the famous native copper district in the vicinity of 
Houghton and Calumet, Mich., and 40 miles north- 
east of the Gogebic iron range and Ironwood, Mich. 

Lower and middle Keweenawan lava flows with 
interbedded conglomerates and sandstones form the 
backbone of the Keweenaw Peninsula, and from 
these flows and sediments, native copper has been 
mined for over 100 years. Overlying the lavas are 
thousands of feet of sandstone and shales of upper 
Keweenawan or younger age. The White Pine ore- 
body lies in gray shaly siltstones several thousand 
feet stratigraphically above the Keweenawan lavas, 
at the base of the Nonesuch formation. The regional 
structure on the Keweenaw Peninsula strikes north- 


APRIL 1954, MINING ENGINEERING—381 


"ie 
| 


east, and dips moderately northwest into the Lake 
Superior basin. 

Drilling was initiated in 1937 by the Copper Range 
Co. to extend away from a former White Pine mine, 
along the White Pine fault toward the southeast. 
Thirty-two holes were drilled over a distance of 
about 2 miles parallel to the fault, and up to % mile 
away from the fault to the northeast. From this 
drilling it was established that mineralization was 
not directly associated with the fault, and subse- 
quent drilling of 116 holes showed mineable ore to 


Layout of Workings 
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Plan shows layout for systematic room-and-pillar mining. 
Three main service drifts, top to bottom at center, connect 
to separate vehicular and belt portals going to surface. 
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Mine utilities are brought down M-2, the center service drift, and hung from the back, above the wide haulage path. 


extend at least 3 miles from the fault. The orebody 
is limited on the northwest and southeast by its out- 
crops; on the southwest by the White Pine fault; 
and has not been delimited to the northeast. A total 
of 148 drilled holes outlined an area containing over 
300 million tons of ore averaging about 21 lb copper 
per ton. Included in this reserve is 150 million tons 
of parting shale ore containing over 24 lb of copper 
per ton. 

From the diamond drilling it was determined that 
the orebody ranged from 10 to 20 ft thick, averag- 
ing slightly over 8 ft in the parting shale, was rela- 
tively flat-lying, and covered an area roughly 3 by 
5 miles. The most prominent structure is that of a 
low broad anticline, with dips of 8 to 12° on the 
northeast limb, and dips up to 30° or more on the 
southwest limb adjacent to the White Pine fault. 
These areas of steep dips are comparatively small. 
Total relief over the drilled area is 2200 ft. Eleva- 
tions are with respect to sea level. 

The area on the crest of the anticline portion of 
the orebody will be mined during the first 5 years 
of operation. The old mine, located in the northwest 
corner of the orebody adjacent to the White Pine 
fault, was operated during World War I, to produce 
about 9000 tons of copper. The pilot mine south of 
the present development was sunk by Copper Range 
in 1945 to provide ore for pilot mill testing, to deter- 
mine the character of the faulting of the orebody, 
and to check the grade and uniformity of mineral- 
ization indicated by exploratory diamond drilling. 

Diamond drill holes 1400 ft apart along the central 
development drifts were cored and assayed for each 
foot through the mineralized beds and checked 
against development ore extracted with good com- 
parative results. 

White Pine mineralization may be generally con- 
sidered to be in two distinct units, parting shale and 
upper shale, separated by barren upper sandstone, 
and with generally barren lower sandstone beneath. 
Ore consists primarily of extremely finely divided 
chalcocite disseminated through dark gray to black 
shaly siltstones. Native copper is of secondary im- 
portance, amounting to possibly 10 pct of the total 
copper content. Bornite,-covellite, chalcopyrite, and 
pyrite occur in minor to trace amounts. Native silver 
is present in sufficient quantity to render the smelter 
product Lake grade copper. 

Initial plan of mining has been laid out on the 
basis of the parting shale only, leaving the upper 
sandstone as back. However, research in the eco- 
nomic recovery of the upper shale bed is tentatively 
programmed as a joint venture of the company and 
the U. S. Bureau of Mines, when working conditions 
permit. 
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Mine openings consist of separate vehicular and 
belt portals which have a common elevation at the 
subsurface outcrop of the orebody. The vehicular 
portal connects with the outcrop from which mul- 
tiple drifts are driven into the orebody for systematic 
room-and-pillar mining. 

The belt portal intersects the orebody at the out- 
crop and is carried on through the parting shale into 
the lower sandstone in line with the main mine 
drifts until a difference in elevation of 125 ft is 
obtained to allow for two ore pockets of 2500 ton 
capacity each. 

Mining is by mobile mechanical equipment, all 
run by air or electricity with the exception of the 
diesel-powered haulage trucks. 

Haulage units will bring the ore to a central dump- 
ing, screening, and crushing station located over the 
two large ore pockets. Crushed ore will then be 
pulled from the pockets and fed onto the 2-flight 
system of 54-in. conveyor belts which will transport 
the ore to the secondary crusher bins. 

Ventilation of the mine will be by an exhaust sys- 
tem through a circular shaft. In winter months, air 
heaters will be used to moderate the temperature at 
the mine air intake. 


Mining Method 

The conclusions from which the mining method 
was derived were: systematic development of the 
orebody; concentration of working areas to allow 
continuous mining; mobility of equipment; and flexi- 
bility of the mining method itself. 

The vehicular portal is constructed of reinforced 
concrete on a —10 pct grade with provision for two 
12-ft roadways, a manway and hangers for neces- 
sary utilities. The tunnel section is 835 ft long and 
is joined to the outcrop by abutment of the tunnel 
section to a prepared concrete flat face with provi- 
sion for a water seal. The belt portal has an 8x12%- 
ft rectangular section of reinforced concrete con- 
struction, sloped at —16.58 pct to the outcrop, and 
is 585 ft long. 

The belt tunnel is being driven in 12x20-ft sec- 
tion at a —11 pct slope in the lower sandstone. When 
completed, the belt portal and tunnel will be 3585 ft 
long and will afford ample room for the installation 
of chutes, feeders, speedup, and main flights of 54-in. 
belt. Tonnage removed daily from the mine will be 
tallied by a Transportometer situated on the belt. 
The 54-in. belt will be powered by three 250-hp 
motors per flight and travel of 450 fpm will allow 


RIGHT: One of two main 13,800/4160 v substations under- 
ground. ABOVE: Air is supplied by 16 semiportable 150-hp 
compressors, delivering 830 cfm at 100 psi. Portable trans- 
formers are 400 or 225-kva size, and step 4160-v current 
down to 440-v. Air supply is supplemented by several 
mobile 360 cfm compressors. 


Mining Plan Uses Mobile Equipment 


the removal of approximately 2400 tons of crushed 
ore per hr. 

The main service drifts, M-1, M-2, and M-3, now 
being driven, are variable in height but not width. 
The main drift, M-1, is 12x24 ft in section, and M-2 
and M-3 are 8x24 ft in section with the drifts being 
separated by 30-ft pillars. Drift M-1 was driven 
larger to allow transportation of the electrical sub- 
stations and crusher equipment underground. 

Drifts M-1 and M-2 were driven 1570 ft at which 
point M-3 was developed in parallel, preparatory to 
the first series of cross entry drifts. Parallel to the 
outer service drifts, M-1 and M-3, barrier pillars 
175 ft deep will be maintained to protect against 
subsidence or ground movement in the main drifts. 

The cross entry system will be five drifts wide to 
allow development to proceed at or near production 
costs and provide areas for gobbing waste near the 
working faces. The cross entry drifts will be driven 
32 ft wide, to the outer boundaries of the panels 
adjacent to the main service drifts. The cross entries 
are separated by 37-ft pillars. 

Production operations within the panels adjacent 
to the main service drifts will be based on the 32-ft 
wide working face. The extraction from these panels 
will be 62.49 pct in the first half of the blocks and 
71.86 pct in the outer half, to further assure protec- 
tion of the main arteries of the mine. In all cases the 
panels will be confined by boundary pillars which 
will remain until the final retreat. 

Work within the panel rooms will be planned so 
that a minimum of three and a maximum of seven 
working faces will be available at a given time. 
Panel pillars are planned so that the extraction rate 
from a given panel can be increased without major 
revision of the operating scheme. Primary pillars 
are 148x20 ft. Secondary pillars are reduced to 
28x20 ft by cutting the primary pillars twice and in 
the outer block, pillars will be reduced to 12x20 ft. 

Pending ground conditions, it is planned to open 
up the outer cross entries and panels to a 40-ft work- 
ing width. Extraction from the outer panels will be 
85 pct. 

The crusher station, 3635 ft along the axis of the 
main service drifts, will consist of two units each 
having four dumping stalls with tapered grizzlies 
to pass —7-in. material to the ore pockets and a 
48-in. wide, 60-ft long pan feeder to convey the 
oversize to the 32x40 crusher where the mine run 
oversize will be reduced to —8-in. for belt feed. 
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Approach to the area has been laid out on an oval 
track with four entrance roads to allow control of 
traffic to and from the crusher station. 

The ventilation shaft will be a 15 ft inside diam 
reinforced concrete structure from bed rock to the 
mine horizon. The shaft will contain a manway with 
hangers for pipe and electrical cable as required. In 
the early stages of mining, an 8-ft fan driven by a 
250-hp motor will produce a maximum of 300,000 
cfm at 4.5 in. water gage. When it becomes neces- 
sary, the first fan will be paralleled with a similar 
unit to produce 500,000 cfm. 


Staff Organization 

The Mine Dept. is divided into three basic com- 
ponents: production, maintenance, and engineering, 
all on the same level of supervision. Each component 
is a function within itself, but interdepartment re- 
quests on standard procedure are carried out by 
direct contact. Other functions require the approval 
of the mine superintendent or his superiors as the 
case may require. 

Total mine force is not fixed at this time with re- 
gard to hourly employees. In the supervisory cate- 
gory there are to be 26 men in production, 28 men 
in engineering and 4 men in maintenance. From the 
experience that has been gained, it appears that 
each division will be comprised of 44 men and each 
face unit of 20 men. Each unit will be equipped with 
sufficient equipment to assure continuous mining 
without loss of time due to required maintenance or 
breakdowns. 


Mine Operations 
The mine electrical system is ac with primary cir- 
cuits of 13,800 v. In the completed development, 
primary power will be looped to feed either or both 
of the main substations underground. 


Electrical System 
An armored cable will be run down the mine 
portal and M-2 drift 1650 ft where it will be tied 
into M-1 substation and then extended to M-2 sub- 
station 3380 ft in from portal. A surface highline 
will be run out to a 6-in. bore hole where an armored 
cable dropped down the bore hole will be tied into 
substation M-2 to complete the loop. The power is 
reduced at the substations to 4160 v. This secondary 
current is then run to the working areas where port- 
able air transformers again drop it to 440 v. All 
motors under 250 hp operate on 440 v and all motors 

250 hp or over operate on 4160 v. 
Air for operation of the drill jumbos and small air 
pumps is supplied by 16 semiportable air compres- 
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ABOVE: Auger for 8-in. diam hole is part of drilling system, 
works with jumbo for pattern giving maximum advance. 
LEFT: Drill jumbos use 34% in. machines, 1% in. round alloy 
steel, and carbide bits. Advance per round, using auger 
holes and special drilling pattern, is about 12 ft, and rounds 
up to 14 ft have been pulled. 


sors. For minor work in outlying areas, several mo- 
bile compressors of 360 cfm capacity at 100-lb pres- 
sure have been developed. These units are equipped 
with an air traction drive operated from the com- 
pressor receiver, hydraulic steering, and hydraulic 
braking. 

Rock Breaking 

Drilling practice since the beginning of operations 
has been altered considerably. Formerly the drill 
jumbos mounted 3-in. drifters and used 1-in. hexagon 
alloy drill rods 14 ft long with 1%-in. carbide insert 
bits. The drill speed averaged 24 in. per min. The 
V-cut round developed was economical to drill and 
charge but due to width restrictions in the main 
service drifts, advance was limited to 7% to 8 ft per 
round. 

Burn cut rounds to a 12-ft depth were tried in 
many variations with the same footage as above due 
to compaction or recementation of the cut holes and 
then continuous failure to the ribs. 

As work progressed, the drifters were changed 
from 3 to 3%-in. machines using 1%-in. round alloy 
drill steel, 15 ft long, with a 1%-in. carbide bit 
which raised the drilling speed to 36 in. per min. 

Experimental work with an auger that could drill 
an 8-in. diam hole at a reasonable rate was under- 
taken. It became apparent rapidly that the auger 
incorporated with the drill jumbo afforded a pattern 
of drilling which brought round advancement up to 
11% and 12 ft. In some instances rounds up to 14 ft 
have been pulled. 

Present practice requires about 1 hr extra to pre- 
pare a heading and uses 1.07 lb powder per ton as 
against 0.72 lb powder per ton in the V-cut round. 
However, the increased footage, better fragmenta- 
tion, and ease of loading the broken material more 
than offset the additional expense. 

In the driving cross entries the V-cut will be used 
due to the greater width of drift which allows proper 
spacing of the cut for a 10-ft round. 

Experimental work with high speed, high pressure 
small hole rotary drilling has bezn demonstrated in 
the parting shale with excellent results. Drilling 
speed averaged 7% fpm with 1%-in. bits which 
drilled 250 ft before sharpening was required. Test 
runs with the rotary in the laminated and fractured 
lower sandstone were unsuccessful. 

Regular and milli-second electrical delays are 
used in blasting from a 440 v circuit, and in some 
cases blasting is from a capacitor-condenser. 

Explosives used are 60 pct semigelatine and a 30 
pet ammonia-nitrate. The semigelatine is used dur- 
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ing advance of the main service drift for better frag- 
mentation and maximum round footage where sand- 
stone occurs in the face. The 30 pct ammonia powder 
does a good job of pulling the present round but it 
is not positive and fragmentation is poorer. 


Haulage 

General practice, after shooting the round, is for 
the front-end loader to stack the broken material 
while the back is checked so that loading operations 
can be commenced at a maximum rate. 

Major loading is done by a Joy 18HR-2 loader at 
the face with minor clean up and back work left for 
the front-end loader. Operation of the loaders have 
been satisfactory to date, particularly so during this 
period of development and employee instruction. 
Other means of loading have been tried on a pre- 
liminary basis, but results were not in line with 
those being obtained with the present equipment. 

Upon completion of the loading cycle and removal 
of the loader from the face, general trimming of the 
drift is completed. The 8-in. auger hole is then 
drilled and the front end loader is used to clean up 
the bottom for the incoming drill jumbos. 

Haulage at White Pine will be a flexible operation 
utilizing 18-ton diesel and diesel-electric trucks to 
transport ore to the crusher station. The Dart diesel 
unit with torque converter has an apron feeder with 
which the truck bed is loaded and discharged from 
the same end. The engine is rated at 275 hp and will 
pull a 38 ton gross load up a 10 pct grade at 7.2 mph. 
The Joy 70E1 and the LeTourneau trucks employ 
the diesel powered generator to supply motive and 
conveyor power. 

The LeTourneau unit has 4-wheel steering and 
drive with dual speed ranges of 4 and 8 mph. The 
315 hp diesel engine generates 240 v ac 3-phase 120 
cycle power as feed to the four 3-phase consequent 
pole 3600 and 7200 rpm traction motors to pull a 
gross load of 35% tons. 

The Joy 70E1 has a gross load of 43 tons and is 
powered by a 280 hp diesel, generating 170 kva as 
feed to the two 100-hp, 259 v de traction motors. In 
addition, the car is equipped with both electric and 
hydraulic brakes. This unit is rated at 12% mph 
and will operate up a 10 pct slope at 5 mph. Both 
diesel-electric units employ the flight conveyor to 
receive and eject material. 

Maintenance experience has shown that brakes 
and electrical controls present the most serious prob- 
lems in shuttle car operations and the manufacturer 
successfully solving these problems will have a dis- 
tinct advantage. To date, haulage has been a com- 
bination of the Joy 60E shuttle cars, LeTourneau 
units, and the Koehring Dumptors, which are pri- 
marily used for the belt tunnel work. 

Belt tunnel loading and hauling operations are 
similar to those in the mine with the exception that 
the Koehrings haul all material from this area. 


RIGHT: Front-end loader stacks broken material while back 
is checked. BELOW: Haulage to crusher station uses diesel 
and diesel-electric trucks, like this Dart diesel which has 
apron feeder for loading and discharge. 


At present broken rock is hauled to surface stockpile direct 
by truck, such as this LeTourneau diesel-electric. 


The maximum radius of operation projected for 
haulage is 4000 ft. This figure is theoretical and sub- 
ject to change depending upon actual experience in 
the development work and the cost of operation. As 
cost data is accumulated and a maximum haulage 
cost is reached, consideration will be given installa- 
tion of mine belts to bring the material to the central 
ore pockets. Inasmuch as mine ore is variable in 
size, it is contemplated that crushers will be located 
on the outer end of the belts to assure a —8-in. 
product for feed. 

At present the broken rock at the face is being 
hauled to the surface by trucks and stockpiled for 
mill run as a supplement to mine production while 
the development forces are augmented to handle the 
production schedule of 12,500 tpd. 

As of Jan. 31, 1954, 10,095 ft of mine development 
has been completed with 225,000 tons of ore stock- 
piled. The belt tunnel has been driven 1543 ft with 
43,000 tons excavated. 

The January rate of development was 2400 ft of 
advance from which 51,000 tons of material were 
moved. The development in terms of tons per man 
shift to date is 22.1 tons at the face, 15.2 tons per 
total hourly employees, and 12.2 tons inclusive of 
salaried and hourly employees. 

Present crew strength is above normal due to on- 
the-job training in both production and maintenance 
departments. As more working area is available im- 
provement in efficiency will result until the pro- 
posed 27.4 tons per man shift overall is reached or 
surpassed. 

The stockpile upon completion of capital develop- 
ment will contain approximately 750,000 tons of ore 
available for processing. 


Maintenance 

Proper functioning of equipment in the type of 
mining being undertaken is of prime importance. In 
order to assure continuity of operation the following 
procedures are being worked out during the develop- 
ment period: 1) a rigid schedule of preventive main- 
tenance; 2) adequate stand-by equipment to allow 
for repairs and service; 3) a scheduled program of 
maintenance according to operating hours or tons 
handled and 4) subassembly replacement when 
deemed necessary. Major overhauls of equipment 
will be accomplished in the surface shops. 

Facilities for underground maintenance are 


At only major fault encountered so far, drift height was 
taken to raised back, brought back to 8-ft height as drain- 
age grade permitted. 


planned to include a general underground shop for 
all work excepting major overhauls, portable repair 
units to backup face equipment, mobile lubricating 
units, and an underground tool crib and warehouse 
for daily work requirements. 

In other words, maintenance of mine equipment 
is directed toward the goal of “no lost time and 100 
pet face operation of equipment.” 


Roof Support 

The general condition of the underground work- 
ings has required only minor support in local areas. 

Roof support in the mine proper is a small prob- 
lem. Where supports are necessary, 4 and 5-ft bolts 
of %-in. diam using expansion shield are installed. 
The belt tunnel, being driven in lower sandstone 
which is laminated and interspersed with clay and 
shale seams, requires roof bolting after each round 
for permanency. 

The roof bolting is done from a front-end loader. 
The holes for the bolts are drilled with a small 
stoper, the bolt inserted for tightening with an im- 
pact wrench. In places where conditions demand, 
channels are used in conjunction with the bolts. 

Periodic checks on the proper placement and hold- 
ing power of the bolts are made with a torque meter 
wrench. Should roof support become a major prob- 
lem, proper equipment for bolting in the 8-ft hori- 
zon will be required. 

Faulting within the White Pine orebody has been 
a subject of serious thought due to the many dis- 
placements which were encountered in the explora- 
tory Schacht Shaft workings. To date only one fault 
of consequence has been encountered. The throw 
was on the face side and the plane of faulting tight. 
It appears that the faults of greater throw occur 
near the major White Pine fault and diminish in 
magnitude as they recede from the major fault. 

Main drainage has been a temporary problem 
during entry into the orebody. As work progressed 
in the mine the ground relieved itself of the trapped 
water in a very short time. The belt tunnel has made 
some water in the sandstone, through springs in the 
floor. The remainder of the water in the belt tunnel 
is the result of fractures in the sandstone which ex- 
tend up to the mine horizon. 

Mine utilities are brought down M-2, the center 
drift, and are hung from the back. Utilities installed 
include a 6 and 4-in. pipe line for mine water and 
a 2-in. line for portable water. The mine power 
cable is secured back of the pipe installation for 
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safety. The 6-in. line is used for air, the 4-in. line 
for mine drainage, and the 2-in. line for mine water. 


Personnel 

Inasmuch as the mining method and equipment 
to be used were a departure from the general min- 
ing techniques practiced in the Upper Peninsula, it 
was deemed essential that all employees be sub- 
jected to an on-the-job training program, regardless 
of past mining experience. Over the period of 8 
months records show that only 15 pct of the present 
hourly employees had previous mining experience. 

In the initial phase of development, the crews 
were small so that individual attention could be 
given the men by the foremen. Instructions and ap- 
plication of each phase of work were afforded the 
men. As work progressed and the crews grew, lead 
men were made from the more responsible employees 
to aid in the education of new men and to aid the 
foremen in one or more phases of operation. Every 
effort is made to acquaint new employees with each 
phase of the mining work so that they understand 
the necessity of teamwork throughout. 

Mine employees are afforded all the modern con- 
veniences in the change house. The mine and street 
clothes area are separated by sanitary installations. 
Thermostatic control of the mine clothes area pro- 
vides proper drying of wet clothes for the next day. 
The mine rescue and first-aid room is equipped for 
any emergency. If the employee is in good health, 
aluminum therapy is provided for on a voluntary 
basis. The mine lamp area is arranged for self- 
service which requires only one lamp attendant. 

Due to the construction of the change house in 
relation to the vehicular tunnel, a man need not be 
exposed to the elements at any time during the shift. 

There are 131 homes of modern ranch type archi- 
tecture available for rent to company employees. 
The houses are of 2, 3, and 4 bedrooms with radiant 
floor heating serviced by an oil-fired burner. All 
other facilities are electrical. 

The school is a fire resistant, concrete brick, and 
steel structure of modern design now offering edu- 
cation through the eighth grade. The hospital is of 
similar construction with all modern facilities avail- 
able to employees and families in White Pine and 
the surrounding area. Other townsite units such as 
the cafeteria and service building, postoffice, staff 
house, apartments, and dormitories will be aug- 
mented by a shopping center, gas station, and re- 
creation area in the near future. 

In the due process of development, union affilia- 
tion was finally precipitated by an NLRB election 
which was won by the CIO United Steelworkers. 
Contract negotiations are under discussion by com- 
pany and union officials. 

The White Pine Copper Co. mine development has 
proceeded as planned without serious setback. De- 
velopment, construction, and preparation for mining 
12,500 tpd will be completed hy October 1954. And, 
due to the foresight and cooperation of Morris F. 
La Croix, president, and H. B. Ewoldt, vice presi- 
dent of the company, the mining dept. has been able 
to keep development work on schedule. 

L. E. Young, consultant to the White Pine Copper 
Co., was of invaluable assistance to the mining dept. 
His sudden death was regrettable to all who knew 
or were associated with him. In closing the writer 
wishes to express his thanks to H. B. Ewoldt, J. R. 

Rand, L. Albright and others for their help in as- 
sembling this paper. 


The Seven Islands dock and terminal now under construction will have, when completed, approximately 40 miles of track. 
Ore trains 


will haul 60,000 to 70,000 tpd, and ships will be loaded at the rate of 8000 tph. 


Development of Quebec-Labrador Iron 
Ore Deposits, Transportation is Major Factor 


ISCOVERY of large iron ore deposits in New 

Quebec and Labrador is, undoubtedly, one of 
the outstanding mining events of the twentieth 
century. To give an idea of size, the present con- 
cession is almost equivalent to a strip a mile wide 
around the earth at the equator. 

Importance of this iron ore area can best be 
appreciated by comparison to the famous Mesabi 
Range. On Mesabi, the area of favorable rock is 
110 miles long and from 1 to 5 miles wide, with a 
productive zone about 70 miles long. On the con- 
cessions the area of favorable rock in the Labrador 
Trough is 225 miles long and from 10 to 60 miles 
wide. In Quebec-Labrador, exploration already dis- 
closes that the productive zone is 90 miles long, 
with good chances of being extended at both ends. 
The Mesabi is covered generally by thick over- 
burden, and the iron ore deposits were found by 
test-pitting and systematic test-drilling. In Labra- 
dor and Quebec, most ore has been developed from 
a few surface deposits, and when it is considered 
that at least 95 pct of the area is covered by over- 
burden, and that there remains thousands of square 
miles of favorable territory still to be explored, 
it can be seen that the possibilities for developing 
additional ore are tremendous. 

When bulldozing roads to some of the known sur- 
face deposits, high grade ore was uncovered in a 
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Canada, Montreal. 


by W. H. Durrell 


number of places just a foot or two below the sur- 
face. These have not yet been investigated. When 
a new churn drill to be tested was set up behind 
the machine shop, ore was encountered accidentally 
after drilling 2 or 3 ft. The hole was continued to 
a depth of 367 ft, and it was still in high grade when 
stopped. The entire base camp was over this ore- 
body. This was the only deposit drilled which was 
not discovered as a surface outcrop. It contains 
more than 10 million tons averaging 63 pct iron. 

Almost any type of ore is available ranging from 
lump to highly manganiferous. Of the manganifer- 
ous ore, 44 million tons will average 50 pct Fe and 
8 pct Mn. Ore varies from one orebody to another and 
even from place to place within individual deposits. 
Most of the ore is mixed hematite but occasionally 
magnetite is present. To date siderite has not been 
observed within an orebody although it is preva- 
lent in lean iron formation in some places. 

Iron ore was first discovered in Labrador in 1929, 
but it was not until 7 years later that a 20,000-sq 
mile concession was obtained by Muntreal mining 
interests. Geological parties were put in the field, 
and by the end of 1939 six of the currently recog- 
nized orebodies had been found. At that time it 
became evident that New Quebec, or Ungava, also 
held iron ore, and a license was obtained covering 
3900 sq miles there, adjacent to the Labrador con- 
cession. Work suspended during 1940 and 1941 be- 
cause of the lack of money, and it was not until 
1942 that the development really commenced with 
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Tracklaying is rapidly as rail link is to 
rich iron ore at Knob Lake. 


the association of Hollinger Consolidated Gold 
Mines Ltd., headed by the well-known Timmins 
family of Canada, and The M. A. Hanna Co., of 
Cleveland, of which George M. Humphrey, now 
U. S. Treasury Secretary, was president. 

The ore field may be located geographically on 
Latitude 54° 50’ N about 320 air miles north of 
Seven Islands, a port on the north shore of the St. 
Lawrence, some 500 miles from Montreal. The ma- 
jority of the deposits are centered about this section, 
close to or astride the Quebec-Newfoundland inter- 
provincial boundary. The area is a glaciated pla- 
teau of moderate relief largely between 1500 and 
2500 ft above sea level. Lakes and rivers are nu- 
merous, and in many parts, water covers over 50 
pet of the surface. In the valleys and sheltered 
areas there are fair stands of timber. 

Rock outcrops throughout the northern section 
are numerous. In the southern portion, outcrops are 
confined mostly to the crests or slopes of the larger 
ridges, and here test pitting, drilling, and/or geo- 
physical methods were employed to determine geo- 
logical features. During the early years, work was 
confined mostly to prospecting, geological mapping, 
and some drilling. 

In 1947 it was decided that as a prerequisite for 
financing it would be necessary to prove 300 million 
tons of direct shipping, open pit ore. Intensive drill- 
ing operations to determine the depth of the large 
surface area of ore began. The field base was moved 
from Hollinger Lake to its present site near Knob 
Lake. Quonset buildings were flown into Knob 
Lake to house exploration personnel. A portable 
sawmill was delivered. A semipermanent camp 
was constructed. 


Although most of the supplies and equipment. in 
1947 were landed on the winter ice of Knob Lake, 
a land strip was put in operation by early fall so 
that large aircraft could land the year-round. 
Heavier tractors were flown in and began the first 
roads. Trucks, jeeps, compressors, and drills fol- 
lowed. Portable churn drills and equipment for 
converting the unsatisfactory coring drills to chop- 
ping drills were purchased. The first large Cater- 
pillar-mounted churn drill arrived in the early fall 
of 1947; more followed in 1948. 

The 300 million ton objective was reached in 
October 1948, but by then the requirements had 
been raised to 400 million tons. By the end of 1950 
ore reserves reached the present figure of 418 mil- 
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Extensive power development was part of program, here is 
view of Marguerite power project near Seven Islands. 


lion tons of direct shipping ore. Over 2700 tons of 
ore were indicated with each foot of drilling. 

Most, but not all, of the effort during the 1947 to 
1950 period was devoted to drilling. In 1947, adits 
were driven into two of the ore deposits, and three 
shafts were excavated the following year. These 
underground workings were driven to check the ore 
grade as determined from driiling and to obtain 
information as to structure, specific gravity, and 
moisture content of the ore. Much shallow pitting 
and trenching through the overburden were done. 

With the ore in sight, Iron Ore Co. of Canada 
was formed for further financing. In this new or- 
ganization, five steel companies—Republic Steel 
Corp., National Steel Corp., Armco Steel Corp., 
Wheeling Steel Corp., and The Youngstown Sheet 
& Tube Co.—joined with Hollinger-Hanna and the 
two concession companies to prepare for commercial 
production. Another new company, Hollinger- 
Hanna Ltd., equally owned by Hollinger & Hanna, 
was formed to supervise management operations. 

In addition to the more than 200 million tons of 
proven high grade ores in the vicinity of Knob 
Lake, there are millions of tons of slightly lower 
grade wash ores which will be mined but are not 
included in the 418 millions. Also, in the Wabush 
Lake section of the Labrador concession, approxi- 
mately 150 miies southwest of Knob Lake, there is 
an almost unlimited quantity of concentrating ore 
averaging better than 40 pct iron. 

Mining will be entirely an open pit operation, 
with the mining season limited to 6 months be- 
cause of the possibility of the ore freezing in transit 
between the mines and the port at Seven Islands. 

Blasted ore will be loaded by 6 to 7-yd shovels 
into 30-ton trucks and hauled to a crushing and 
screening plant in the pit. From there ore will be 
elevated by belt conveyors to railroad loading 
pockets. Plans call for 10 to 14,000 tons per train, 
or from 60 to 70,000 tpd. At Seven Isiands ships 
will be loaded at the rate of 8000 tph from a 1600- 
ft dock. Rotary tandem car dumpers will handle 
two 90-ton ore cars every 50 sec and from these 
car dumpers the ore will go by belt conveyor direct 
to ship or stockpile. 

It will readily be seen that the proposition will 
end up largely as one of transportation, mining will 
be the least of the problems. All-important will be 
the 360-mile railroad between Knob Lake and 
Seven Islands, and construction efforts have been 

concentrated on that life line. 


j 


Truck and shovel stripping of the Ruth Lake No. 3 deposit 
keeps pace with rail construction as shipment date nears. 


For 100 miles north of Seven Islands the track 
follows canyon-like river valleys to the height of 
land at an elevation of 1900 ft. This has been 
very difficult construction, involving millions of 
yards of rock and boulder material, two tunnels, a 
number of bridges—one being more than 700 ft long 
and 150 ft above the Moise River. The remaining 
260 miles, however, are reasonably level. 

In addition to the railroad, activities include the 
construction of two hydro-electric plants, one near 
Knob Lake, the other near Seven Islands; the con- 
struction of loading docks, freight terminals, and 
administration buildings at and near Seven Islands; 
and the completion of an employees’ housing devel- 
opment at both ends of the railroad. 

The railroad is of standard construction, using 
132-lb rail, largest ever rolled in Canada. Central 
traffic control and power operated switches will be 
used throughout. Solid box welded type ore cars 
with a capacity of 90 long tons are equipped with 
roller bearings and the railroad will be the first to 
adopt roller bearing application throughout. Mo- 
tive power will be 1500-hp diesel road switcher 
type. Loaded trains of 115 cars, 14,000 trailing tons 
will be hauled by locomotives of 6000 hp. Twelve 
hundred ore cars and 26 locomotives have been de- 
livered to date. 

During the past several years an average force 
of approximately 6000 men has been employed 
on the project. Let it be emphasized here that it 


Another view of the dam at the Marguerite power develop- 
ment, one of two hydroelectric plants. The other is being 
constructed near Knob Lake. 


Mining will use 6 to 7-yd shovels with 30-ton trucks during 
short 6-month working season. 


would have been impossible to keep construction 
work on schedule without one of the largest civilian 
airlifts the world has ever seen. A fleet of 20 planes 
operated between Mont Joli, a railroad point on the 
south shore of the St. Lawrence, and Seven Islands, 
and northward to 14 airstrips built in the bush 
along the railway. Cargo aircraft worked around 
the clock carrying 200 million lb of supplies 
and many thousands of passengers. Freight ranged 
from beans to bulldozers; equipment weighing as 
much as 50 tons has had to be shipped knocked- 
down and reassembled on the job. Now the airlift 
is almost a thing of the past; limited to passengers, 
mail and express. 

In the light of our construction progress it is now 
possible to expect to start shipping ore this year in 
the late summer. It is intended to stockpile 2 million 
tons at Seven Islands to extend the shipping season 
at that port, which is free of ice at least 9 months 
out of 12. 

At present $200 million has been spent and large 
additional sums will be spent before production. To 
ensure a fair return on investment, it is required 
to mine and ship a minimum of 10 to 12 million tons 
of iron ore a year. 

Where will the markets be? In the first place 
Canadian production of ore is almost equal to con- 
sumption of approximately 5 million tons. Partici- 
pating steel companies in the venture have agreed 
to take the first 10 million tons of annual production 


A fleet of 20 planes operated between Mont Joli and Seven 
Islands and northward to 14 airstrips built in the bush 
along the route of the railroad. 
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at current prices. In expanding beyond 10 million 
tons competition will have to be met wherever the 
iron ore is sold. The Mesabi Range, if diminishing 
in its reserves of high grade ore, also holds billions 
of tons of taconites or lower grade ores. A satis- 
factory method has been evolved for treating ta- 
conites, and considerable production will come from 
that source. Competition from overseas ore produc- 
ing nations such as Venezuela, Liberia, Sweden, and 
Brazil will also have to be faced. 

In these circumstances, much will depend upon 
ability to lay down Quebec-Labrador iron ore at 
prices well within the current market. Hence the 
interest in the proposed St. Lawrence Seaway, 
which will definitely mean cheaper ore for inland 
steel plants. To emphasize one point: Iron Ore Co. 
of Canada will be able to produce and ship 10 mil- 
lion tons a year even if the Seaway is never built. 
But, if production is to rise to 20 million tons a 
year—and a troubled world may demand that soon- 
er than we dare believe—the Seaway will be 
necessary. 

No transportation problem exists in moving ore 
from the mines to Montreal. At Montreal—in the 
absence of a Seaway—it will be trans-shipped to 
existing canallers, which can carry no more than 2 
million tons a year. Ore will also be shipped from 
Seven Islands by sea to Philadelphia and Baltimore. 
Summarizing briefly, of the $200 million spent to 


Seaplane base at Knob Lake played important role in get- 
ting geologists out into field. Airlift kept project on 
schedule despite short working seasons and lack of other 
transportation. 


date $45 million was for wages, of which at least 
95 pct went to employees from the Provinces of 
Quebec and Newfoundland. The balance of $155 
million was for miscellaneous equipment and sup- 
plies, and more than 90 pct went to Canadian sup- 
pliers. 

The initial capital expenditure required before a 
ton of ore will have been shipped is the largest in 
the history of mining to date. The project is being 
compieted without subsidies of any kind, and is a 
tremendous tribute to private enterprise. 


What Differentiates the Geophysical Engineer? 


HAT characterizes a geophysical engineer and 

sets him apart from all other engineers? This 
is a question that is important not only for accredit- 
ing purposes but is assuming increasing importance 
in the licensing of professional geophysical engi- 
neers by state boards. 

What is the basis of distinction of one type of 
professional engineer from another type is answered 
in part by the need which brought each type into 
being precisely because that need could not be sat- 
isfied by pre-existing types and which nevertheless 
demanded the special outlook, training, and abilities 
of an engineer. The need which called for the civil 
engineer was the adaptation to the tasks of civilian 
life of the capabilities developed by the military 
engineer for the design and construction of roads, 
bridges, dams, earthworks, military buildings, and 
other structures and of mechanisms required by 
military operations. 

With the advent of steam power the mechanisms 
became vastly more complicated and the result was 
the splitting off of the mechanical engineer who 
added specialization in thermodynamics to the civil 
engineer’s competency in properties and strength of 
materials and hydraulics. Again the development of 
electrical power required a new type, the electrical 
engineer with mathematical training and ability to 
apply the theory and physics of potential and force 
fields and vectorial relations to electric machinery 
and power transmission lines with their waves and 
transients. Into this picture came the development 
of atomic physics, the advent of the electron tube 
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and the requirement of proficiency in network 
theory and electronic circuitry which threatened a 
dichotomy of electrical engineers into power engi- 
neers and electronic engineers. The appearance of 
the transistor suggests further complications. 

In the meanwhile the chemists were not idle. A 
need soon arose for chemical development and 
manufacture on a full industrial scale with all the 
problems of process and plant design and operation 
in a regime of intense competition. The industrial 
chemist found himself saddled with much of mechan- 
ical engineering and became a chemical engineer. 
The development and exploitation of a known oil 
field placed requirements that could not be satisfied 
by the petroleum geologist, the chemical engineer or 
the mechanical engineer. The result was the emer- 
gence of the petroleum engineer. And so the special 
needs have called into existence each of the other 
types of professional engineer. 

In every instance it was not a question of greater 
specialization within the field of competency of an 
older type of engineer, but of a new and quite dif- 
ferent requirement that called for the new type. 

Such is the history of engineering. On the one 
hand there had arisen a crying need and on the other 
hand there had accumulated a body of scientific 
knowledge discovered by basic research which 
awaited only the skilled hand of a new engineer 
who could apply that knowledge to fill the need. 

With the dawn of the third decade of the twen- 
tieth century, the geophysical science began to de- 
velop at an accelerated pace, stimulated by the needs 
of World War I and the availability of new tools 
supplied by electronics. At the same time the old 
methods of exploring buried deposits and structures 
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were approaching an economic limit in many areas. 
There was need for a new approach to the problem 
of exploration and it was found and applied with 
success by a new type of engineer, the geophysical 
engineer, who was able to devise economical appli- 
cations of most of the geophysical sciences to explo- 
ration. 

By the third decade of the present century nearly 
all the oil fields in the U. S. with good sur- 
face indications had been found. At this juncture 
the geophysical engineer began to appear on the 
scene with his ability to design geophysical appa- 
ratus and to devise economically feasible procedures 
for the location of deeply buried and hidden oil 
traps, such as salt domes, anticlines, faults, old shore 
lines and reefs, by means of observational anomalies 
in the potential and force fields above them, or 
echoes from them. Only in recent years has the 
same need been recognized in the mining industry 
and the geophysical engineer been called into co- 
operation with the mining engineer and geologist. 

In many localities commercial deposits of sand, 
gravel, limestone are at a premium because they do 
not appear at the surface and are limited in extent. 
The geophysical engineer is called upon for the de- 
sign of procedures and apparatus for the discovery 
and mapping of such deposits at a cost that permits 
their exploitation at a profit. The quarrying and 
strip mining industries must know the depth and 
character of the overburden that is to be removed 
from a given prospect before they can decide whether 
it can be worked at a profit. 

Core drilling to any considerable depth is slow 
and costly. The geophysical engineer can reduce 
drilling to a minimum while furnishing the same 
information more continuously, more rapidly, and at 
a small fraction of the cost. The same is true of 
highway routes, bridge and dam footings, and build- 


ing foundations. Where water supplies are limited, 
the geophysical engineer can devise ready methods 
of locating perched water tables, tracking buried 
gravel trains, and stream beds, and artesian aquifers 
at costs that are not prohibitive. Determining by 
actual measurement and analysis of the vibrations 
caused by blasting the limiting strength of charge 
that is harmless to surrounding structures is a prob- 
lem that is readily solved by the geophysical engi- 
neer. The same is true of vibrations that are due to 
certain industrial operations. One of the most recent 
calls for the ingenuity of the geophysical engineer 
is the distinction between disturbed and undisturbed 
ground and the outlining of cavities in archeologi- 
cal exploration. 


Summary 


The geophysical engineer is characterized by his 
ability to apply not only general scientific principles 
but specifically the geophysical sciences to the design, 
construction, and calibration of suitable geophysical 
equipment; to plan and execute discriminating appli- 
cation of these sciences and their instrumentation to 
problems of exploration for commercially valuable 
subsurface deposits of petroleum, ores, and other 
minerals; to the location of water supplies; to the 
delimitization and characterization of bed rock and 
overburden; and to the measurement and analysis 
of industrial vibrations and their structural effects. 
He is characterized by his ability to forecast the per- 
formance of geophysical instruments and procedures 
under the limitations imposed by their design and 
the circumstances of their application; to estimate 
with accuracy the cost of the operation and to adjust 
the procedure to the justifiable outlay in view of 
immediate or long range returns; and to do all this 
in full consideration of human relationships and of 
safety to life and property. 


The Differentiating Characteristics of Geophysical Engineering 
General Characteristics 


All engineering curricula include some general 
features that are common, such as: 


1. Basic science—mathematics, physics, chem- 
istry. 
2. Applied science—mechanics, thermodynam- 
ics, strength of materials. 
3. Engineering courses proper to the specific 
field of engineering. 
General and nontechnical 
(a) Humanities — English, 
psychology, history. 
(b) Economic subjects—management, ac- 
counting, labor relations. 


philosophy, 


Special Characterizing Features 


I Additional sciences basic to geophysical engi- 
neering: 


(a) Geology—physical, petrographic, 
graphic, structural. 
(b) Geophysics— 

(i) Geodesy—gravity potential field and 
force fields, components, earth fig- 
ure, densities, isostasy, anomalies. 

(ii) Geomagnetism—scalar and _ vector 
potential fields, force fields, varia- 
tion, and anomalies, magnetic prop- 
erties of materials. 


strati- 


(iii) Geoelectricity—potential and force 
fields, earth currents spontaneous 
polarization, ionosphere, upper at- 
mospheric phenomena. 

(iv) Seismology—earthquakes, stress and 
strain fields, elastic wave theory, 
shock waves, vibrations, micro- 
seisms. 

(v) Meteorology—atmospheric structure, 
thermodynamics and hydrodynam- 
ics, circulation, air mass analysis, 
fronts, boundary waves, inversions 
and turbulence, vortexes, jets, micro- 
baroms and microbarisms. 
Hydrology—hypogene and epigene 
free and bound water, vapor, precip- 
itation cycle, water table and run 
off, floods and conservation, hydro- 
meteorology. 

(vii) Oceanography—tides, 
waves, tsunami. 

(c) Mathematics—differential equations, theory 
of potential, vector analysis. 


Il Engineering auxiliary to geophysical engineer- 
ing proper: 
(a) Basic—surveying, drafting, machine tools. 
(b) Electrical—ac and de power—electronic 


circuits. 
(c) Civil—hydraulics, cartography. 


currents, 
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Ill Elements of Design and Construction: 


(1) Instrumentational design and construction. 


(a) Sensing elements—pickups, zero-length 
and temperature-compensated springs, 
distortionless magnetic fields, quartz 
frame and spring systems, coupling, 
antennas, cables. 

(b) Transducers—mechanical-optical, elec- 
tromagnetic, piezoelectric. 

(c) Amplifiers—electronic, transistor. 

(d) Recording systems—photographic, me- 
chanical, magnetic. 

(e) Timing systems—oscillators, fork and 
crystal controls, flash tubes, disks. 

(f) Mobility units—truck, boat, manpower, 
swamp buggy. 

(g) Power drills—drill 
mud. 

(h) Water tanks, pumps. 

(i) Explosives—choice, storage, transpor- 
tation, use, safety devices, caps. 

(j) Firing circuits, blasting machines. 

(k) Communications—field telephone, ra- 


trucks, drilling 


dio. 
(1) Surveying equipment—on land, over 
water—shoran systems—photogram- 


metric devices—sound. 

(m) Magnetometers—field balances, rati- 
ometers, dip needles, superdips, air- 
borne units. 

(n) Resistivity apparatus—radiators, Gish- 
Rooney, Megger, field meters, elec- 
trodes, porous pots. 

(o) Gravity meters, torsion balances, au- 
tomatic controls. 

(p) Geiger, Geiger-Mueller counters and 
loggers. , 


(2) Planning exploration. 


(a) Assembling known data—geographical, 
geophysical, climatological—maps. 
(b) Choice of geophysical methods 


(i) Electrical—resistivity, self-po- 
tential. 
(ii) Magnetic—vertical, horizontal, 


total—ground or airborne. 
(iii) Gravitational. 
(iv) Seismic—reflection, refraction. 
(v) Electromagnetic—high, low fre- 
quency. 
(vi) Chemical—soil, gas. 
(vii) Radioactivity. 

(c) Choice of motorized equipment— 
trucks, marsh buggies, boats, tracked 
motors, sleds. 

(d) Adjustment of plan to working condi- 
tions—land, water, marsh, ice, tundra, 
forest, desert, mountains, jungle. 

(e) Selection of pe:sonnel—technical, non- 
technical, supervisory. 

(f) Planning of housing and maintenance. 

(g) Provision of safety measures. 


IV Elements of operation: 
(1) Assignment of field and office duties of 


personnel. 


(2) Selection of unit spacing and most effective 


procedure of field operation. 


(a) Seismic— 

(i) Deep exploration—shot hole lo- 
cations, spread layouts, marking 
determination and satisfaction of 
local requirements, finding out 
best local procedure in field and 
office, analysis, completion of re- 
port and structure maps—care of 
explosives. 

(ii) Shallow exploration—finding of 
required spreads. 

(b) Magnetic— 

(i) Ground work—location of base 
stations, fixing of station net, di- 
urnal variation, regional anomaly, 
ground sampling and measure- 
ment of magnetic susceptibility— 
computation. 

(ii) Airborne—plan of flights (height 
and spacing), provision of weather 
forecasts, planning strip photog- 
raphy and _ identification—com- 
putation—interpretation. 

(c) Gravity—choice of traverses and sta- 
tion spacing—mapping and leveling— 
free air and Bouguer corrections—den- 
sities—regional gradient—computa- 
tion—interpretation. 

(d) Electrical— 

(i) Location of polarized orebodies 
by self-potential—selection of 
electrode type and spacing— 
elimination of alternative possi- 
bilities. 

(ii) Location by resistivity anomalies 
—determination of horizontal ex- 
tent and depth of orebody ex- 
ploring by Wenner, Lee, or other 
configuration, using traverses and 
soundings. 

(iii) Exploration of bed rock and 
overburden—find water table 
and characteristic resistivities of 
exposed materials, choose config- 
uration and spacing on traverse 
and sounding. 

(iv) Location of water supply, or of 
sand, gravel, or other nonmetal- 
lic mineral deposits by resistivity. 


V_ Elements of prediction: 


(1) 


(2) 


(3) 


(4) 


(5) 


Forecast of overall return or of dollar value 
to client of information if obtainable. 


Forecast of information obtainable by the 
available geophysical methods and instru- 
mentation. 


Calculation of unit cost of application of 
each geophysical method to the solution of 
the client’s problem. 


Determination of the limits of allowable 
cost in view of returns, and of the proced- 
ure required to secure the most informa- 
tion for least cost within the economic lim- 
its. 

Detailed budgeting for: 


(a) Capital expenditures—amortization, 
depreciation, obsolescence. 

(b) Expense—salaries, repairs, 

nance, supplies. 


mainte- 
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Mather Mine Uses 


Pipeline Concrete in 


Underground Operations 


by Harry C. Swanson 


RANSPORTING concrete from mixer to forms 

has always been a problem. Twenty-five years 
ago this task was generally accomplished by means 
of wheelbarrow or concrete buggy. On large dam 
jobs, as the number of these projects increased, the 
gantry crane or highline came into use. Today sev- 
eral methods of handling concrete are employed on 
smaller surface construction jobs, for example, 
transit-mix trucks or dumpcrete trucks, which have 
crawler cranes with buckets for placing concrete 
into forms. 

In 1944, during early stages of developing 
Mather mine A shaft, several large underground 
concrete jobs were necessary. At this time the 
Cleveland-Cliffs Iron Co. purchased the first pump- 
crete machine, introduced by the Chain Belt Co. of 
Milwaukee. The machine was used to pour approxi- 
mately 200 cu yd of concrete for a dam, or bulk- 
head, located 400 ft from the shaft. Concrete was 
mixed on surface, lowered down the shaft 1000 ft 
in a 2-cu yd bucket hung under one skip, spouted 
into the bowl of the pumpcrete machine from the 
bucket, and pumped directly into the forms. 

Since the day of the first pipeline concrete in 1944 
to the present time, other equipment and other 
methods have been developed to permit transporta- 
tion of concrete by pipeline through vertical and 
horizontal distances totaling 1 mile from mixer to 
forms. Much of the efficiency in present handling 
of underground concrete can be credited to the 
Bethlehem Cornwall mines, where concrete was 
transported through 6-in. pipe for great distances 
down an inclined shaft and along levels into forms.’ 

During initial development of Mather mine B 
shaft, with concrete work under way on two or 
more levels at one time, the pneumatic concrete 
placer, Fig. 1, was selected as best adapted for 
underground concrete transportation. The %-cu yd 
pneumatic placer is a small machine readily moved 
from one location in the mine to another. It can be 
equipped with two sets of mine car wheels, which 
will permit moving on regular mine tracks. It is 
therefore possible to send concrete through the pipe 
at great velocity; the pipeline is clean after each 
shot except for the film of cement adhering to the 
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Fig. 1—Pneumatic placer underground. Note telephone 
for crew placing concrete. 


inside. With the proper slump in the concrete, it is 
possible to shoot concrete 2000 ft with this machine, 
using the mine supply of compressed air at 95 psi. 

This equipment was first used at Mather mine B 
shaft to concrete slusher drifts, Figs. 2 and 3, and 
finger raises located about 2000 ft from the shaft. In 
several instances there were bends into crosscuts 
and up vertical distances into the forms. 

For the first pours two placers were used. The 
first was located near the shaft where the concrete 
could be spouted into it from a 2-cu yd concrete 
bucket on the cage. The second was set on the side 
of the drift at a point approximately 1500 ft from 
the shaft. The concrete was shot directly into the 
second placer from the first unit and from the sec- 
ond machine directly into the forms. After comple- 
tion of several pours with the two machines, a trial 
pour with only one placer located at the shaft 
proved that the second placer could be eliminated. 
Since then all pours have been successfully com- 
pleted with only one placer underground. 

As production of iron ore from the mine in- 
creased and the development program expanded, 
use of the cage for handling mine supplies and con- 
crete became a major problem. This brought about 
the first attempt at shooting concrete vertically 
down the shaft for 2600 ft. A 6-in. pipeline with 
victaulic couplings installed during shaft sinking 
was used for the trial. One placer was set on sur- 
face 250 ft from the collar of the shaft so concrete 
could be spouted directly into it from the mixer. 
This machine shot the concrete 250 ft horizontally 
on surface to the shaft, 2600 ft vertically down the 
shaft, and 100 ft horizontally into the second placer 
located near the rib of the shaft station or plat. 
The second machine shot the batch into the forms, 
about 2000 ft. Total distance horizontally and ver- 
tically was 4800 ft. The entire time cycle for a %- 
cu yd batch of concrete from the mixer on surface 
to the forms underground totaled about 5 min. Dur- 
ing the past two years the two-placer method from 
the mixer on surface to the forms underground has 
proved a very efficient means of transporting under- 
ground concrete. Advantages of using pipeline con- 
crete are as follows: 

1—Interference with normal mining operation is 
eliminated. When the cage, skips, mine cars, or 
mine openings are used for transporting concrete 
and materials used for making concrete, mine op- 
eration suffers in one way or another. 
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Fig. 2—View of drift after concreting during development 
of undercut for block cave. 


Fig. 3—Concreted drift after approximately 100,000 tons of 
ore were drawn. 


~ 


Fig. 4—Form used for concreting slusher drifts. 
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2—When concrete can be delivered underground 
at reasonable cost, it can be used to replace more 
expensive materials. Mine timber, one of the min- 
ing supplies that have increased considerably in cost 
in the past few years, can be eliminated and re- 
placed by concrete for ground support. The con- 
crete-lined drift or raise will outlast several re- 
placements of timber, which is also expensive to 
install. For block-caving slusher drifts, Fig. 2, 
where substantial ground support is required, con- 
crete serves well. A screw-jack type of traveling 
form, Fig. 4, can be used for this work, reducing 
form costs to a minimum. The only carpenter work 
required is installation of the bulkhead at the end 
of the form. 


3—When concrete is used for ground support, the 
miner has neater, safer working conditions. The 
ever-present fire hazard is also eliminated. 

Recent installation of batching plants and bulk 
cement handling equipment, Figs. 5 and 6, at the 
Mather shafts and the Negaunee mine has further 
reduced the cost of concrete. All labor is eliminated, 
except for hooking the screw conveyor to the hop- 
per car. Previously a sack of cement was handled 
four times before it reached the concrete mixer. 
Allowing for truck time and labor, this amounted to 
15¢ or 20¢ per bag of cement, approximately $1.00 
per cu yd of concrete. Further reduction in cost has 
resulted from installation of a bucket elevator to 
fill the aggregate bins. Washed sand and gravel de- 
livered to the mine plant by truck from a local 
supplier is dumped directly into a hopper and raised 
into the 300-ton bins by the bucket elevator. 

When a placer is used the shorter the bend in a 
pipeline the less wear in the pipe. In the construc- 
tion of a right-angle bend a blanked-off tee did the 
best job. It was found when the plug on the tee was 
removed after a pour that the blanked-off end of the 
tee was always free of concrete. The only explana- 
tion for this is that the air space acts as a cushion. 

To prevent excessive wear a pipeline used with 
pneumatic placer must be installed as straight as 
possible between right angles. A slight gradual 
bend will result in worn-out pipe after a small 
amount of concrete passes through. Vertical pipe 
installed off plumb wears excessively. Pipe must be 
securely fastened to prevent side movement while 
the shot is being made, as vibration or slapping back 
and forth will also cause the pipe to wear. Hori- 
zontal pipe should be installed as true to line and 
grade as possible. To make compound or reverse 
bends such as those required for connections from 
crosscuts to slusher drifts, a heavy duty 6-in. hose 
with nipples grooved for victaulic couplings on each 
end has proved most satisfactory. After several 
hundred yards of concrete have been poured, vic- 
taulic couplings along a horizontal run of pipe 
should be loosened, two at a time, and the pipe 
given a quarter turn. This procedure will even out 
the wear around the perimeter of the pipe, especial- 
ly in difficult spots. A clean cut through a section of 
worn-cut pipe removed from the troublesome sec- 
tion of the shaft which had not been turned showed 
that all the original thickness of the pipe remained 
for three-fourths of the distance around the pipe. 

This paper would not be complete without a word 
of caution regarding a duty that is hazardous if not 
properly performed. Occasional plugs will occur, 
even if there are good operators and the proper mix 
is used, although lost time from these troubles de- 
creases as operators gain experience. The first step 
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Fig. 5—Plan and section showing route of concrete from batching plant on surface to drifts on 6th and 7th levels. 
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Fig. 6—The new batching plant with bulk cement storage silo. 


in relieving a pipe of plug is to tap the plugged sec- 
tion with a hammer, using air pressure on the 
placer. If this does not set the plug moving, the next 
step is to bleed the placer of air pressure. The 
pipeline should then be broken at a short distance 
beyond the plugged area, air pressure again applied 
to the line, and tapping of the plugged section re- 
sumed with all workers standing clear of the open- 


ing in the pipe. At times it becomes necessary to 
break the pipe through the plugged section, and 
here again, care should be taken to have the placer 
free of air pressure. Occasionally two plugs will 
trap compressed air between them. This is the most 
dangerous condition. Tapping the pipe before at- 
tempting to relieve a plug will indicate which sec- 
tions are filled with concrete and which sections 
may have trapped air. This can be detected by the 
difference in the ring from the tap of the pipe. All 
men who are working on a plugged pipe should 
wear safety goggles. 

A separate telephone system not connected with 
any other mine operation is installed for use of the 
crew placing concrete. A telephone is installed at 
each of the two placers and one at the form end of 
the pipe. No concrete is shot until the men at the 
second placer and the form have been telephoned. 
Installation of this system has also proved valuable 
in expediting other materials to the concrete crew. 


Wetting Agent in Concrete Used to Lubricate Pipe 

Cement and water act as lubricants in the pipe 
when the pneumatic placed is used. Before any con- 
crete is shot, one placer full of water is shot through 
to wet the inside perimeter. The first batch of con- 
crete should be mixed richer in cement than the 
following batches, as a portion of cement in the first 
batch will adhere to the inside of the full length of 
the pipe. Additional cement required in the first 
batch varies with length of pipe; for long shots as 
much as two bags may be added. After each pour 
one batch of water should be shot through to clean 
the pipelines, and if necessary two batches. 


Reference 


* Joseph Bernhardt: Use of Concrete Underground. 
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Effects of Oxidation of Coals on Their 
Flotation Properties 


by Shiou-Chuan Sun 


HE effects of oxidation on the flotation behavior 

of sulphide minerals have been extensively 
studied," but no similar study has been made of 
coals. Coals of bituminous and lower rank undergo 
atmospheric oxidation during mining and storage, 
and their degree of oxidizing increases with tempera- 
ture’ * and time of exposure.’ The problem of re- 
covering fine oxidized coal from culm piles, rivers, 
and streams by froth flotation has become increas- 
ingly important to the coal industry as well as to 
those concerned with air and stream pollution. This 
paper describes the flotation behavior of oxidized 
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and unoxidized coals and carbons in the presence of 
oily collectors and presents the reagents found effec- 
tive in the flotation of oxidized coals and carbons. 

Except where otherwise stated, flotation tests were 
performed in a 50-g Denver flotation cell. Solid 
feed for each test was 30 g, and the pulp dilution 
was kept at 8.5. The —65 mesh coal sample was 
wetted by agitation with water in the flotation cell 
for 6 min, then conditioned with a predetermined 
amount of collector for 2 min, and finally floated 
with pine oil as frother for 3 min. 

The oxidation of coals and carbons was performed 
in a vertical, electrically heated glass tube, shown 
in Fig. 1. One hundred grams of —65 mesh coal were 
fed into the glass tube and heated to 10° to 20°C be- 
low the predetermined temperature of oxidation. 
Compressed air was admitted to the tube at a rate of 
0.05 cu ft per min and the temperature was con- 
trolled by a variable voltage regulator. The oxi- 
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dation was continued until the equivalent weight" 
of the oxidized product no longer decreased. Gen- 
erally, the oxidation for all coals was ended at about 
250 hr, except that for subbituminous and lignitic 
coals which was ended at approximately 150 hr. 

Coals and carbonaceous materials were analyzed 
for carbon and hydrogen in accordance with the 
standard ASTM procedures. The difference between 
the sum of the percentages of carbon and hydrogen 
and 100 pct was considered as oxygen. The methods 
used for the determination of the equivalent weights 
and the solubilities in 1 N sodium hydroxide of the 
oxidized coals can be found in the literature.” * 

Flotation tests of unoxidized and oxidized coals 
and carbons were performed with purified petro- 
leum light oil as collector. Results are given in Fig. 
2. Similar results, not presented, were also obtained 
by parallel tests with other oily collectors such as 
kerosene, decane, dodecane, and tetradecane. Fig. 
2 shows that floatabilities of the tested coals in the 
presence of an oily collector are: 1—decreased gen- 
erally in the order of bituminous, subbituminous, 
anthracite, and lignite; 2—lowered gradually by the 
increase of the extent of oxidation; and 3—little 
affected and occasionally benefited by the super- 
ficial oxidation at low temperatures. 

Upon review of the analytical data of Table I, the 
above flotation phenomena can be explained by the 
surface components hypothesis.’ For example, con- 
sidering point 1, the high floatability of bituminous 
coal is attributed to its high contents of floatable 
components including hydrogen and carbon, in con- 
junction with its relatively low percentages of non- 
floatable components including water, oxygen, and 
ash. The comparatively low floatability of subbi- 
tuminous coal is caused by a relatively high content 
of water and oxygen as well as a slight decrease in 
hydrogen and carbon contents. The low percentage 
of hydrogen is considered the main reason for the 


still lower floatability of anthracite coal, whereas 
the extremely high percentages of water and oxygen 
cause the very low floatability of lignite. Regarding 
point 2, the low floatability of sufficiently oxidized 
coals and carbons is caused by the notable increase 
of their oxygen and ash contents, in combination 
with the sharp reduction of their hydrogen and car- 
bon contents. In the process of oxidation, the float- 
able components of coals were oxidized not only to 
liberate gases but also to produce oxidation products. 
Thus the original oil-avid surface of the coal was 


Table |. The Chemical Compositions and Sources of the Test Coals and Carbons* 
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* Analytical work was performed by Dr. L. D. Friedman and Professor C. R. Kinney. 
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oxygenized to become water-avid and oil-repellent, 
owing to the increase of oxygen-containing com- 
pounds and ash. Considering point 3, the fact 
that lignite and anthracite gained some floatability 
through superficial oxidation at low temperatures is 
attributed to the lack of pernicious deterioration of 
their surfaces and to the collecting and/or frothing 
properties of their water-soluble oxidation products. 
Table I shows that the oxidation of the lignite at 
150°C resulted in a sharp decrease of its moisture 
content and a relatively small reduction of its hydro- 
gen and carbon contents. The benefit from the de- 
hydration is more than sufficient to compensate the 
harm by the slight decrease of hydrogen and carbon 
contents. Table I shows also that the slightly oxi- 
dized anthracite exhibited no substantial change in 
chemical composition. From the work of Bone” and 
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Fig. 2—Floatability of unoxidized and oxidized coals and carbons with purified petroleum light oil as collector. 


Kinney," it is speculated that the oxidation products 
resulting from the superficial oxidation of anthra- 
cite are chiefly benzenoid acids with large non-polar 
groups and high molecular weights. These acids are 
weak frothers and some of them are weak collectors, 
as can be visualized from the tested data of Fig. 3 
and Table III. 

The chemical properties of the oxidation products 
of coals have been studied by many investigators. 
It is generally accepted that the oxidation of coals 
can be divided into three stages.‘ Stage 1 is a super- 
ficial oxidation characterized by the formation of 
coal-oxygen complexes*“ with acidic properties. 
In stage 2, a large portion of the organic components 
of coal, including hydrocarbons and carbon, is trans- 
formed into hydroxycarboxylic acids, generally 
called humic acids.” “ A small amount of ammonia 
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and nitrate ion” may also be liberated from the ni- 
trogen-containing carbon compounds. The carboxyl 
groups of the humic acids, leading to average equiv- 
alent weights’ of 200 to 300, are responsible for the 
oxidized coal being alkali-soluble and acid-insoluble. 
In stage 3, the humic acids are further degradated to 
water-soluble acids.”"”" Under the same oxidation 
conditions, the ratio between the benzoid and oxalic 
acids in the oxidation products of coals” “ increases 
with the maturity of the coal. The resistivity of 
coals to oxidation increases with their ranks, where- 
as the resistivity of petrographic components” ” to 
oxidation increases in the order of vitrain, clarain, 
durain, and fusain. 


Nonfloatability of the Water-Insoluble Oxidation 
Products of Coal Surfaces 

An attempt was made to determine whether the 
low floatability of a mildly oxidized coal is caused 
by its water-insoluble oxidized surface or its water- 
soluble oxidation products in the flotation pulp. 
The test results, as given in Table II, show that the 
water-insoluble surface of the oxidized coal is 
chiefly blamed for its low floatability. This is due to 
the fact that the surfaces of considerably oxidized 
coals, predominated by hydroxyl and carboxyl 
groups,” are water-avid and oil-repellent. A com- 
parison between tests 2 and 3 of Table II shows that 


Table Ii. Flotation of Pittsburgh Bituminous Coal Under Various 
Conditions with 1.02 Lb per Ton Purified Kerosene and 0.64 Lb 
per Ton Pine Oil 


Before Flotation Water 


1 . None 100.0 

2 200°C None 3.9 37.5 

3 200°C Washed 10 times with 5.0 ay 30.4 
distilled water. 

4 200°C First conditioned in a 7.2 7.0 36.2 


warm NaOH solution 
of 1.0 N concentration 


the floatability of the oxidized coal is slightly bene- 
fited or at least is not appreciably depressed by the 
presence of its water-soluble oxidation products in 
the flotation pulp. Tests 3 and 4 of the same table 
show that once the original surfaces of coals are ap- 
preciably deteriorated by oxidation, they cannot be 
restored through washing with water or alkaline 
solutions. 


Effect of Water-Soluble Oxidation Products On The 
Floatability of Unoxidized Coal 

The influence of water-soluble oxidation products 
and some of their constituents on the floatability of 
Pittsburgh bituminous coal was ascertained by 
means of flotation, quantitative bubble pick-up,” 
and frothing tests.” The experimente! data, as given 
in Fig. 3 and Table III, indicate that, in the flotation 
of unoxidized coals, the behavior of water-soluble 
products resulting from various stages of oxidation 
of coals is generally as follows: A—stage 1, weak 
collectors; B—stage 2, mixtures of weak collectors 
and weak depressants; and C—stage 3, mixtures of 
weak and moderate depressants. The same data in- 
° dicate also that the water-soluble products result- 
ing from all the stages of oxidation of coals are 
weak frothers. As a whole, the effect of the water- 
soluble products in lowering floatability is relatively 
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unimportant, as compared with the important role 
played by the water-insoluble oxygenated surfaces 
of coals. 

Fig. 3A and tests 1 to 4 of Table III show that the 
tested benzene carboxylic acids, which may be pro- 
duced in stage 1 oxidation of coals,” are capable of 
increasing the flotation recovery of the coal, because 
they are weak collectors as well as weak frothers. 
The same data show also that the collecting and 
frothing powers of these acids generally decrease 
with an increase of their carboxyl groups. 

It is deduced from the previous work on humic 
acids“ “ “ that the water-soluble products of stage 
2 oxidation consist chiefly of aromatic hydroxycar- 
boxylic acids and only partly of short-chain alphatic 
carboxylic acids as well as alphatic hydroxycarbox- 
ylic acids. Fig. 3C and tests 5 to 10 of Table III 
show that the tested aromatic hydroxycarboxylic 
acids are either weak depressants or weak collec- 
tors, depending upon whether their molecules are 
attached with sufficient number of polar groups, 
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Fig. 3—Effect of water-soluble oxidation products on the 
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especially hydroxyl groups. For example, salicylic 
acid with one hydroxyl group is a weak collector, 
whereas gallic acid with three hydroxy] groups is 
a weak depressant. A considerable depression was 
achieved by both tannic and carminic acids, be- 
cause of the large number of their polar groups 
as well as the massive size of their molecules. 
Nevertheless, these two acids have never been iden- 
tified in the oxidation products of coals. In a similar 
way, Fig. 3B and tests 11 to 19 of Table III show 
that the tested long-chain alphatic carboxylic acids, 
which are not expected to be found in the oxidation 
products of coals, are moderate collectors. A short- 
chain alphatic carboxylic acid can depress coal 
slightly only when the ratio between the number of 
carbon atoms of its nonpolar group and the number 
of its carboxyl group is not more than one. This can 
be exemplified by the weak depression contributed 
by acetic acid,” succinic acid, and oxalic acid.” Ex- 
ceptions to this rule are formic and fumaric acids. 
The fact that lactic and tartaric acids behaved as 
weak depressants is chiefly caused by their hydroxy] 
groups. Generally, the water-soluble products of 
stage 2 oxidation are mixtures of weak collectors 
and weak depressants, resulting in no appreciable 
effect on the floatability of coals. This is particu- 
larly true when the concentration of these water- 
soluble products in the coal pulp is low. 

In stage 3 oxidation, the oxidation products of 
stage 2 are further degradated not only to increase 
the content of alphatic hydroxycarboxylic acids, 
but also to increase the number of hydroxy] and car- 
boxyl groups of the aromatic hydroxycarboxylic 
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Fig. 4—Flotation of oxidized bituminous coals and coke with 
cationic reagents and oils. Curve P; and P,: Pocahontas 
bituminous coal, oxidized at 200°C and floated with lauryl 
amine and petroleum light oil respectively. Curves C, and 
C,: High-temperature coke, Koppers Coke Co., Philadelphia, 
Pa., oxidized with concentrated nitric acid and floated with 
lauryl amine hydrochloride and kerosene respectively. 
Curves U, and Us: Upper Freeport bituminous coal, oxidized 
at 200°C and floated with rosin amine-D acetate and 
petroleum light oil respectively. 
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acids. As a result, the water-soluble products of 
stage 3 are expected to be mixtures of weak and 
moderate depressants. 


Table Ili. The Results of Flotation, Bubble Pick-Up, and Frothing 
Tests of Organic Acids Which May Occur in the Water-Soluble 
Oxidation Products of Coals 


Pitts- Pitts- Acid, 
burgh burgh Using N- 
Selu- Bitumi- Bitumi- Hexyl 
bility,* nous nous Alcohol 

Test Organic G Per Coal, Coal, as 
Ne. Acid Liter Pet Pet Standard 

1 Benzoic 18 6.8 20 50.4 

2 Phthalic 5.4 6.7 7 46.1 

3 Trimesic 26.9 45 2 _ 

4 Pyromellitic 142 5.0 1 23.2 

5 Humic 0.1°* 3.1 0 30.8 

6 Salicylic 18 715 18 _ 

7 Di mandelic 160.0 49 16 _ 

8 Gallic 11.6 —3.2 -2 23.2 

10 v.s. —25.0 —15 15.4 
11 Oleic i 15.0 16 _ 
12 uric 1. 71.6 14 23.2 
13. ‘Stearic 0.34 44 12 
14 7 5.0 1 23.2 
15 Propionic 8 2.8 0 69.1 
16 = Acetic —49 -2 
17 Oxalic 95.0 —15 —3 23.2 
18 Tartaric 206.0 —2.0 —2 23.2 
19 Lactic —65.1 —6 61.6 


* 1, insoluble; s, soluble; v.s., very soluble. 
** Approximation. 


Referring to Table III, the term net flotation re- 
covery denotes the difference between the flotation 
weight per cent recovery of Pittsburgh bituminous 
coal with 0.6 lb per ton organic acid and 0.18 lb per 
ton pine oil and that of the same coal with 0.18 lb 
per ton pine oil alone at the same pH. The term 
bubble pick-up coefficient represents the difference 
between the bubble pick-up index” of 48x65-mesh 
Pittsburgh bituminous coal in a solution of 50 mg 
per liter organic acid and that of the same coal in 
distilled water only, at the same pH. The froth- 
ability index” of organic acids was tested at 19.26 
mg per liter concentration, 7.0 + 0.2 pH, and 71.6 cc 
per sq cm per min rate of aeration, using n-hexyl 
alcohol as standard. 


Flotation of Oxidized Coals and Cokes With 
Cationic Reagents 

Tests were performed to find suitable collectors 
for the flotation of considerably oxidized coals and 
carbons. The experimental results, as given in Fig. 
4, show that coals and carbon oxidized with air as 
well as with concentrated nitric acid” can be effec- 
tively floated by certain cationic reagents but not by 
the currently used oily collectors. This may be caused 
by the fact that chemical reaction and ionic attrac- 
tion can take place between the positively charged 
polar groups” of amines and the negatively charged 
ions, particularly carboxyl groups, of the oxidized 
surfaces of coals and carbons. The speculation that 
the oxidized surfaces of coals and carbons are domi- 
nated by anions was experimentally verified by 
testing the reversibility of coals with an electrostatic 
separator. Tests were also made on floating oxidized 
coals with mixtures of iso-amyl amine and kero- 
sene. The results, not presented, showed that the 
flotation recoveries generally decreased with an in- 
crease of the percentages of kerosene in the blend. 
The same thing was also true for mixtures of lauryl 
amine and petroleum light oil. 
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Fig. 5—Effect of pH on the flotation of unoxidized and 
oxidized coals. Curve 1: Philadelphia and Reading anthra- 
cite coal, floated with 1.95 Ib per ton Squibb mineral oil 
and 0.6 Ib per ton pine oil. Curve 2: Bituminous coal, 
Snowshoe, Pa., floated with 0.133 Ib per ton borneol. Curve 3: 
Bituminous coal, Pittsburgh, Pa., oxidized at 200°C for 200 
hr and floated with 0.7 Ib per ton L-Am-HCI and 0.19 Ib 
per ton pine oil. Curve 4: Bituminous coal, upper Freeport, 
Pa., oxidized at 200°C and floated with 88 Ib per ton 
petroleum light oil, 1.28 Ib per ton pine oil. 


The effect of pH on the flotation of unoxidized and 
oxidized coals with various collectors was tested, 
and the results are given in Fig. 5. Referring to this 
figure, Curves 1 and 2 show that the optimum pH 
values for unoxidized anthracite and bituminous 
coals in presence of oily collectors are respectively 
7.0 and 7.5. Curves 3 and 4 show that with lauryl 
amine hydrochloride and petroleum light oil as col- 
lectors the floatabilities of oxidized coals generally 
increase with the decrease of pH value. 


Summary 

1—tThe floatabilities of coals and carbons in the 
presence of a neutral oily collector generally de- 
crease with an increase of the extent of their 
oxidation. 

2—With neutral oils as collectors, the floatabilities 
of coals, particularly anthracite and lignite, are little 
affected and occasionally benefited by the superficial 
oxidation at low temperatures. 

3—The low floatability of a mildly oxidized coal is 
caused chiefly by the water-insoluble oxidation prod- 
ucts of its oxidized surface. 

4—Generally the flotation of unoxidized coals 
with oily collectors is very little affected by the 
presence of a small amount of water-soluble oxi- 
dation products of coals. 

5—Certain cationic reagents are found to be ef- 
fective in the flotation of oxidized coals and cokes. 

6—tThe floatabilities of oxidized coals in presence 
of oily collectors as well as cationic collectors gener- 
ally increase with the decrease of pH value. 
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New Techniques for Evaluating Natural 


T HE problem of establishing practical techniques 
for evaluating natural corundum ores arose 
from the desire to improve the existing purchase 
specifications for crystal corundum procured by the 
Federal Government for stockpiling. Such purchase 
specifications had been developed for a large num- 
ber of products, including minerals and ores con- 
sidered to be critical and strategic because of the 
country’s dependence on foreign sources of supply. 

It will be apparent to anyone considering the sub- 
ject of purchase specifications that the determination 
of whether or not a submittal meets the specifications 
is a prime consideration. Consequently satisfactory 
specifications for minerals should not only incorpo- 
rate physical, chemical, and mineralogical require- 
ments that are practical but should also establish 
the means by which both buyer and seller can be 
assured that materials meet stated requirements. 

The Munition Board’s Material Purchase Specifi- 
cation for corundum, dated February 1954, covered 
two grades of crystal corundum intended primarily 
for abrasive use. It established limits of size and of 
composition: Grade A, at least 95 pct +3 mesh and 
92 pct alumina (Al,O,); Grade B, at least 95 pct +7 
mesh and 90 pct alumina. It also specified that “of 
each lot of material, not less than 95 percent shall 
have a hardness equal to or exceeding nine (9) on 
Moh’s Scale.” 

These specifications were unsatisfactory for sev- 
eral reasons. They did not allow the purchase of 
lower grades of corundum being used by industry. 


H. F. CARL, Physicist, is with Eastern Experiment Station, U. S. 
Bureau of Mines, College Park, Md.; H. W. JAFFE was formerly 
Petrographer, Eastern Experiment Station, College Park, Md.; and 
A. HOCKMAN is Materials Engineer, Division of Building Tech- 
nology, National Bureau of Standards, Washington, D. C. 

Discussion on this paper, TP 3742H, may be sent (2 copies) to 
AIME before June 30, 1954. Manuscript, Sept. 18, 1953. Los 
Angeles Meeting, February 1953. 
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Corundum Ores 


by Howard F. Carl, Howard W. Jaffe, 
and Arthur Hockman 


Fig. } (left)—National Bureau of Stand- 
ards laboratory abrasion machine. 


Neither did they specify exactly what a corundum 
ore actually was, except that it should contain so 
much alumina and have a certain scratch hardness. 
Nothing was said about the abrasive qualities of the 
material that was to be purchased primarily for 
abrasive use. 

During the period 1946 to 1948 supplies of the two 
grades defined in the then current specifications 
continued to decrease. Early in 1949 industry rec- 
ommended that the finer sizes of corundum known 
as “crystal corundum concentrates,” %-in. to 16- 
mesh material, be added to the stockpile specifica- 
tions and that lower grades of crystal corundum 
also be included. 

In the spring of 1949 the National Bureau of 
Standards and the Bureau of Mines were asked by 
the Munitions Board to cooperate in developing 
more practical specifications for grading natural 
corundum ores. The National Bureau of Standards 
indicated that it would investigate physical test 
methods for determining abrasive characteristics of 
corundum, and the Eastern Experiment Station of 
the Bureau of Mines at College Park, Md., stated 
that it would consider the mineralogical aspects of 
the problem. 

Members of these two agencies, in consultation 
with representatives of the Office of Materials Re- 
sources of the Munitions Board and of the Federal 
Supply Service of the General Services Administra- 
tion, and with the cooperation of industrial sup- 
pliers and consumers of abrasive corundum, de- 
veloped, in a fairly short time, more practical speci- 
fications for six grades of corundum ores. 

The new specifications, issued January 1951, were 
for corundum, natural crystals, as by this time high- 
purity synthetic corundum was available and wide- 
ly used. Nevertheless, for certain specific applica- 
tions the natural product was preferred over the 
synthetic material. It has been extensively used in 
forming snagging wheels. It breaks into more or 
less cubical particles, whereas artificial corundum 
fractures into splintery shapes. These produce 
irregular cuts in glass, while the more symmetrical 
shape produces a more uniform ground surface. For 
this reason natural corundum has been preferred 
for certain types of lens grinding. 

Pure corundum is clear, colorless alpha alumina 
(Al,O,), but it is rarely found in nature in this 
form. The most important gem varieties include 
the blue and yellow sapphires and the ruby. Minute 
impurities of titanic oxide impart a blue color, 


TRANSACTIONS AIME 


iy 
y 
or" ‘ 
24 
x 
| 
I 
= 


ferric oxide a yellow color, and chromic oxide a red 
color to otherwise pure corundum. It crystallizes 
in the hexagonal system, rhombohedral class, hav- 
ing as common forms six-sided prisms, barrel- 
shaped prisms, and hexagonal bi-pyramids. Ore 
material has a specific gravity of 3.90 to 4.15 and 
occurs in a wide variety of dull colors. Intimately 
associated with the corundum may be varying 
amounts of other minerals, such as biotite, mar- 
garite, ilmenite, magnetite, spinel, rutile, apatite, 
kyanite, and monazite. Emery is a fine-grained 
variety of corundum that contains magnetite or 
hematite. 

The South African corundum industry, which 
supplies most of the material imported into the 
United States, classifies corundum into four groups: 
A—Boulder is rock containing up to 80 pct corun- 
dum, broken into convenient sizes for shipping, with 
no other treatment. B—Crystal is corundum in the 
form of loose crystals larger than % in. smallest 
dimension after removal of adhering impurities. 
This is the common form of export product. C— 
Crystal concentrates are similar to crystal but 
smaller than % in. D—Grain corundum is the fin- 
ished product. 

Preparation of Samples: Five corundum samples 
were obtained from the American Abrasive Co.: 
three African crystal ores, one African crystal con- 
centrate, and one Brazilian crystal ore. Three 
samples of ores from Bangalore, India, were sup- 
plied by the General Services Administration. Four 
samples of silicon carbide, two each from the Norton 
Co. and the Carborundum Co., and one sample of 
synthetic Al,O, from each of these companies were 
added to the test samples to be compared. 

The ore material, as received, was too large for 
testing. It was therefore decided to grind each sam- 
ple to an “abrasive grain size of No. 80.” No. 80 
grain size is defined as follows. Of a 100-g sample 
shaken for 5 min on a RoTap testing sieve shaker 
operated at a speed of 290 rpm and 156 taps per min, 
the allowable limits are: 1—100 pct must pass the 
No. 60 sieve. 2—Not more than 15 pct shall be re- 
tained on the No. 70 sieve. 3—A minimum of 40 pct 
shall be retained on the No. 80 sieve. 4—An ac- 
cumulative minimum of 70 pct shall be retained on 
the No. 80 and No. 100 sieves. 5—A maximum of 
3 pet shall pass the No. 120 sieve.* 

* The limits of No. 80 size grain have been changed slightly since 
tests were made. specifications for in — 


described in S.P.R. 118-50, U. S. Department of 
sieve sizes are in the U. S. Standard Sieve Series. 


Each sample was ground in a rolls crusher to pass 
No. 40 sieve. It was then put through a pulverizer 
several times, with alternate sieving and grinding, 
until a sufficient quantity was obtained that would 
comply with the above specifications for No. 80 
grain size. 

In most cases only about 30 pct of the original 
sample was recovered in the grinding process. The 
remaining 70 pct was lost in useless fines and dust. 

Although the artificial abrasives obtained from 
their manufacturers were designated as No. 80 
grain size, sieve analyses revealed that all con- 
tained either or both excessive fine and coarse 
grains. Portions of each were resieved to obtain a 
true No. 80 abrasive. 

Hardness Determinations: Preliminary hardness 
studies were made first with a laboratory abrasion 
machine, shown in Fig. 1. This machine is generally 
used to test the abrasive hardness of stone and other 
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hard flooring materials and was thought possibly to 
be satisfactory for testing abrasives themselves. It 
was subsequently found unsatisfactory. However, 
in this particular series of tests it was adapted for 
the testing of the abrasives. A hard, fine-grained, 
siliceous rock known as novaculite was selected as 
the standard for testing the various samples of 
abrasive grains. A cast-iron lap, A, of 10-in. diam 
is driven at 45 rpm by a motor mounted below the 
catch basin. Three specimen holders, B, position the 
novaculite blocks, 2x2x1 in. Gears, C, for revolving 
the specimens, guide rings, D, for holding specimens 
in position, hoppers, E, containing steel shot to make 
a total load on specimens of 2 kg each, are sup- 
ported by a framework, F, and a supporting plate, 
G. A holder for the test abrasive grain, H, allows 
the latter to flow to the lap by gravity. 

The standard stone specimens are held on the 
revolving cast-iron disk under a constant pressure 
of 2 kg and made to revolve at half the speed of the 
grinding disk. The abrasive sample under test is 
fed to the disk at a constant rate. Hardness of the 
sample is evaluated by the weight loss of the stand- 
ard specimen after 5 min grinding. 

The second series of hardness determinations was 
made with the National Bureau of Standards field 
or portable abrasion tester, shown in Fig. 2. This 
had also been used to test the hardness of flooring 
materials but was readily adapted for testing the 
abrasive grains. The machine consists of a notched- 
steel wheel, A, of 6-in. diam and %-in. thickness, 
supported by a framework, B, and driven by a 
sprocket drive, C. An abrasive feeder drive belt, D, 
turns a rubber conveyor belt, E, for the abrasive 
contained in the funnel, F. A trough, G, conducts 
the abrasive directly between the wheel and a pol- 
ished piece of plate glass, H, 12x12x™% in. An ad- 
justable weight, I, provides for a load of 3340 g, 
about 7% lb, on the notched wheel as it revolves, 
and the abrasive grains are fed at a uniform rate to 
the cutting rim. These may then be caught in a pan 
at the bottom. 

The tests consist in rotating the wheel 25 revolu- 
tions and then measuring with a traveling mi- 
crometer the lengths of the segments cut in the 
material being tested. When length of cut and di- 
mensions of the wheel are known, the segment area, 
S, is readily calculated. The latter is a measure of 
the hardness of the abrasive. Preliminary investi- 
gations indicated that five such tests, each with 
fresh abrasive, were sufficient to produce the neces- 
sary accuracy of the indicated results. 

Toughness: This test was also made with the 
field abrasion tester. A portion of each sample of 
abrasive is fed to the rim of the wheel while the 
latter is turned 25 times on the plate glass. This 
operation is then repeated 10 times with the same 
abrasive material, no fresh abrasive being added. 
Thus 11 segments are ground into the glass plate by 
only the amount of abrasive used for the initial cut. 
It was found that this number of repeated tests, 
when the best abrasive was used, resulted in a 
reduction of the ground area by about 5 pct. As this 
was a value that could be determined with sufficient 
accuracy and as a poor abrasive would produce a 
greater percentage reduction, 10 repeated tests were 
considered sufficient. 

Fig. 3 is a photograph of three test plates made 
with three different abrasives. The left plate shows 
a series of tests on five portions, A to E, of a sample 
of synthetic corundum. The other plates show sim- 
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Fig. 2—National Bureau of Standards field or portable abra- 
sion tester. 


ilar tests on samples of low- and high-grade natural 
corundums. The areas of the first and eleventh 
segments are determined, and the percentage differ- 
ence between the two segments is calculated for the 
abrasive. The result is a measure of toughness or 
breakdown value. In the preliminary studies the 
abrasives were collected after each test, and a sieve 
analysis was made for each sample. 


Table |. Average Weight Losses of Abraded Specimens in the 
Standard Laboratory Abrasion Machine, with Various 
Abrasive Types 


Average Weight 
Less, G 


Type of Abrasive Tests, No. 


8 samples, 45 determinations 
2 samples, 12 determinations 
4 samples, 24 determinations 


Natural corundum 
Artificial corundum 
Silicon carbide 


Table II. Average Weight Losses of Abraded Specimens in the 
Standard Laboratory Abrasion Machine, with Various 
Notural Corundums 


Sample No. Weight Loss, G 


Results: Average weight losses of the abraded 
specimens in the standard laboratory abrasive ma- 
chine are shown in Tables I and II. It is obvious 
from Table II that the tests using the standard lab- 
oratory abrasion machine were not sensitive enough 
to distinguish clearly between the abrasive prop- 
erties of the various natural corundums. 

The field abrasion tester produced results indi- 
cated in Table III. These tests were indicative of 
the relative hardness of the various types of abra- 
sives. Results of breakdown tests with the field test- 
er, as previously described, are shown in Table IV. 

Of the two methods employed to test the relative 
hardness of the abrasive samples, the one using the 
field abrasion tester seemed to be the more efficient 
and practical. This machine was comparatively in- 
expensive to construct and is simple to operate. It 
requires less than 1 min to grind a segment on any 
suitable standard material, such as plate glass. A 
value of average area, S,, as calculated from five 
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segments cut by each sample under test, is sufficient 
for evaluating the relative hardness of the sample. 

The performance of the field abrasion tester gave 
reproducible results in a short period and with a 
minimum of material and effort. Also, it appeared 
that values of segment area abraded, S., obtained 
from the abrasive value test and the percentage of 
decrease in segment area, D,, obtained from the 
grain breakdown tests could be precisely specified 
in comparison with similar values from a synthetic 
corundum (AI,O,) chosen as the standard abrasive 
for these tests. These values are most simply ex- 
pressed as the ratios: S,/S,,. and D,/D,,... In this 
manner specific yet practical techniques were de- 
veloped for grading natural corundum according to 
those physical characteristics for which it is used 
by industry. Consequently, there were incorporated 
into the final specifications minimum ratio values of 
S./S, and of D,/D, for each grade of crystal and 
crystal concentrate. Detailed directions for obtain- 
ing these values, following the tests developed with 
the field abrasion tester, were also included. 


Determination of Actual Corundum Content 


The problem of determining the actual corundum 
content of an ore was simultaneously investigated 
by the Physical and Chemical Section of the Eastern 
Experiment Station, Bureau of Mines. This Bureau 
had been interested in corundum evaluation for 
some time. During the period from 1918 to 1942 no 
marketed production of corundum had been re- 
ported in the United States. Active interest in 
corundum was revived when World War II created 
a new and pressing demand for this abrasive mate- 
rial. To locate domestic supplies and thus reduce 
the dangers and uncertainties of a long ocean haul, 
an intensive search of areas formerly producing 
corundum, as well as possible new sources of com- 
mercial deposits, was undertaken by the Bureau of 
Mines and the Geological Survey in cooperation 
with the War Production Board. Deposits of corun- 
dum in Georgia, North Carolina, South Carolina, 
Montana, and other states were re-explored. 

At this time numerous samples of corundum ore 
were received by the Bureau of Mines for ore- 
beneficiation and mineralogical studies. A repre- 
sentative cut of each sample was given to the petro- 
graphic laboratory for a quantitative determination 
of the corundum content. This procedure usually 
involved crushing the sample through a No. 70 
screen, heavy liquid separation in methylene iodide, 
sizing of the light and heavy fractions on No. 100, 
200, and 325 screens, identification of all the min- 
erals present, and a determination, by petrographic 
grain counting, of the percentage of corundum in 
each size fraction. Corundum would also be deter- 
mined quantitatively by this technique in numerous 
concentrates and tailing products submitted by ore- 
dressing metallurgists of the station. 

’ During this same perioed, additional samples of 
foreign corundum ores, submitted for potential 
stockpiling, began to be received from other Federal 
agencies. The Bureau of Mines was requested to 
examine these ores and to determine whether they 
would meet the Munition Board’s Material Purchase 
Specifications for corundum. Bureau of Mines 
petrographers were surprised to find that these 
existing specifications did not require a determina- 
tion of the actual percentage of corundum, and they 
were at a complete loss in attempting to determine 
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what percentage of a sample had a scratch hardness 
equal to or better than 9 on Mohs scale. This hard- 
ness specification was, of course, wholly impractical. 
The Bureau representatives suggested that a more 
realistic specification would be one embodying a 
quantitative determination of the mineral corundum 
rather than an assumed corundum content based 
essentially upon an AIl,O, determination. 


Table Ill. Average Area Abraded into Plate Glass by Rotating 
Wheel of Field Abrasion Tester 


Type of Abrasive (Sx) mm? 


Natural corundum 431 8 samples, 24 determinations 
Artificial corund! 6.68 2samples, 6 determinations 
Silicon carbide 8.76 3 samples, 12 determinations 


In the course of these investigations members of 
the staff of the petrographic and the chemical an- 
alytical laboratories developed what is now called a 
leach-petrographic method to determine corundum. 

The acid-leaching procedure is essentially that 
designated the “Fraser Reid Method, modified” by 
the American Cyanamid Co. and kindly furnished 
the Bureau of Mines by Bruce D. Crawford of the 
American Cyanamid ore-dressing laboratory. 

A representative sample of the original ore is 
obtained by coning and quartering followed by 
further reduction of size with a Jones-type sample 
splitter. A —60 +100 mesh representative fraction 
of this material is selected for the leach-petrographic 
test. This size fraction is used to conform as closely 
as practicable to the No. 80 grain size used in the 
National Bureau of Standard tests. Frequently the 
sized fraction was examined for the presence of 
tramp iron by a hand magnet, although careful 
crushing usually avoided this contamination. The 
details of this leach-petrographic method are as 
follows: 

1—Place 18 of No. 80 grain material in a large 
platinum crucible; add 15 cc of strong sulphuric acid 
and 20 cc of hydrofluoric acid. Place on the water 
bath or sand bath and evaporate until all the HF is 
expelled; finally, heat until fumes of SO, come off 
copiously. 

2—Transfer to a beaker and add 20 cc of hydro- 
chloric acid. Place on the hot plate and heat for 20 
min to dissolve all soluble sulphates. Dilute to 75 
to 100 cc with hot water, and heat 10 min longer. 
Filter and wash first with hot 5 pct HCl, then hot 
water, then 3 times with warm 10 pct KOH, then 
again with hot water. Ignite. Weigh as corundum. 


Fig. 3—Plate glass test plates. Segments ground with various 
abrasives with the portable abrasion tester. Left, abrasive 
value and grain breakdown tests of synthetic corundum, 
standard grade; center, of natural corundum, high grade; 
and right, of natural corundum, low grade. 


3—Examine the residue with the petrographic 
microscope for the presence of other insoluble min- 
erals such as kyanite and rutile. If these are pres- 
ent, a petrographic grain count is made of the resi- 
due to obtain the corrected value. The count is made 
as follows: First, a few milligrams of the sample 
are mounted on a glass slide in a 1.740 refractive 
index oil and covered with a glass cover slip. In the 
microscope the corundum grains are readily dis- 
tinguished by the blue rim surrounding them. All 
grains with marked negative or positive relief are 
gangue minerals. Second, by means of a laboratory 
integrating counter, the corundum content is deter- 
mined by a count of corundum grains against all 
others. This is done by making a series of horizontal 
traverses and counting the grains touching the hori- 
zontal crosshair. Each horizontal traverse is spaced 
by a vertical interval of 1 mm. One thousand grains 
are counted in each mount. 

A detailed description of the petrographic method 
of fragment counting is given by F. Chayes in a 
series of three papers.’ 


Table !V. Break-down Characteristics of the Abrasives 


Amount Passing 
No. 120 Sieve, Pet 
Originally After 11 Tests 


The petrographic examination also is used to 
detect the presence or absence of twinning, inclu- 
sions, well-developed rhombohedral parting planes, 
and incipient alteration. The influence of these fac- 
tors has not been fully assessed, and opinions differ 
as to their actual effect on abrasive qualities of the 
ore. Of course, alteration to diaspore and to mica- 
ceous minerals and serious crystal defects would 
show up in the abrasive tests. 

In many cases the weight of the insoluble residue 
from the acid leach gives directly a reliable index 
of the corundum percentage. This applied particu- 
larly to many of the African corundum ores tested, 
which contained few insoluble minerals other than 
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Average Area 
of Segment 
Testa, He. 
Decrease 
in Beg- 
ment Area 
After 
11 Tests 
Sample No. (Ba) Pet 
Company A 
57 AlsOs 19 
58 SiC 2 21 
56 SiC 2 26 os 
Company B 
61 5 38 14 
0 24 
| 59 SiC a1 
Natural Corundum 
9.6 
18.2 
20.4 
18.1 
23.0 
13.8 
10.4 
29.5 
| 
| 
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occasional grains of green spinel. However, this is 
not always the case. One particular sample of In- 
dian corundum ore produced 85 pct of insoluble 
residue after the acid leach. A petrographic exam- 
ination and a grain count of the residue showed that 
it contained only 49 pct corundum. The remaining 
36 pct was composed of kyanite and rutile, both 
minerals being insoluble in the acid treatment. 


Table V. Comparison of Petrographic Analyses and Hardness 

Tests on Natural Corundums 

Corun- Std. Lab. Field 

Sam- Insol., a Tester, Tester, 
ple No. Pet ot G Se Test,Pet Dz 
35 Africa 91.7 90.8 0.21 5.05 41 9.6 
36 Africa 61.7 61.7 0.15 4.10 62 18.2 
37 Africa 11.1 11.7 0.13 3.52 65 20.4 
38 Africa 80.6 80.6 0.10 3.72 59 18.1 
39 Brazil 69.2 69.0 0.12 4.98 65 23.0 
53 India 89.9 89.9 0.12 4.98 45 13.8 
54 India 90.6 90.6 0.13 4.90 47 10.4 
55 India 848 40.4 0.12 3.19 88 29.5 


Other samples studied were found to contain silli- 
manite, diaspore, and spinel in the insoluble resi- 
dues of the acid leach. (It might be noted here that 
the leach-petrographic method may also be used for 
determining kyanite and sillimanite in their ores.) 
The use of an acid leach alone, without subsequent 
petrographic examination of an ore containing ap- 
preciable amounts of diaspore (Al,O, = 85 pct) or 
of kyanite (Al,O, = 62 pct), would lead to a very 
incorrect value of the corundum content. Two sam- 
ples from Bangalore, India, showed Al,O, contents 
of 80.6 pct and 86.2 pct while the complete leach- 
petrographic examination indicated only 53 pct and 
77 pet corundum, respectively. In both cases, the 
discrepancy represented appreciable amounts of 
kyanite. 

The eight samples of natural corundums tested 
by the National Bureau of Standards were also 
tested for corundum content by the Bureau of Mines 
leach-petrographic method. The results are indicat- 
ed and compared in Table V. 

It is interesting to observe that the results of the 
breakdown test compare favorably with the per- 
centage of corundum determined by the leach- 
petrographic method. Note that the sample, No. 55, 
having the poorest (highest) values of D, and of 
breakdown showed the greatest divergence in val- 
ues of percentage of insoluble and percentage of 
actual corundum. Those samples with the best 
(lowest) D, have the least leach-petrographic dis- 


Table Vi. National Stockpile Materials Specifications—P 18, Dated 
3 January 1951, for Corundum, Natural Crystals* 


Minimum 
Minimum Ratio Values 
Corun- 

Grade dum, Pet Size 8.2/8, D./D, 
87.5 Not over 5 pct —3 mesh 0.78 0.52 
B crystal 85.5 Notover5pet—Tmesh 0.68 0.42 
C crystal 80.5 Not over 5 pct 4 mesh 0.58 0.32 
A crystal conc. 85.5 Approx. % in. to 16 0.73 0.47 
B crystal conc. by 4 {meth and not over 5 0.63 0.37 
C crystal conc. pet — 20 mesh 0.53 0.27 


* Copies are available from the Emergency Procurement Service, 
General Services Administration, Washington 25, D. C. 


crepancies. Likewise, the samples having the high- 
est actual corundum content gave the best values of 
both S, and D,. 

Also note that although samples No. 39-Brazil 
and No. 53-India both have similar values of S,, 
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area ground, or abrasive hardness, they have differ- 
ent values of D,, resistance to breakdown. This in- 
dicates the importance of the determination of D,. 


Other Methods for Determining Corundum 

One leading abrasive company uses a specific- 
gravity determination as a convenient means of, 
evaluating the corundum content of an ore. This 
method is not entirely satisfactory and can be mis- 
leading, as the impurities can also have a high spe- 
cific gravity, for example, rutile (4.24) and kyanite 
(3.6). If both minerals were present in equal 
amounts, their average specific gravity would be 
3.92, a value similar to that obtained for many 
corundum-ore samples. Obviously, specific-gravity 
measurements without accompanying petrographic 
examinations are little better than Al,0, determi- 
nations in assessing the amount of actual corundum 
present in an ore. 

Further work is necessary to evaluate the degree 
to which various corundums are attacked by the 
acids used in the leach test. Sized samples of sev- 
eral grades of corundums, including gem-quality 
material, should be submitted to leach tests to de- 
termine to what degree and at what grain size va- 
rious grades of the mineral are appreciably attacked 
by acids. Little or no solubility of sound grains is 
to be expected in the size range of —60 +100 mesh 
(approximately No. 80 grain size). However, fines 
of —200 or —325 mesh size and material containing 
cracks, inclusions, and alteration products may be 
partially dissolved by strong acids. 

Likewise, further studies should be made on ma- 
terial that passes a certain grade by specific-gravity 
measurements but fails by the leach-petrographic 
tests. Perhaps abrasive tests on such samples would 
be conclusive. Complete quantitative mineralogical 
grain counts on various sizes should also be of value 
in determining the true quality of such ores. 


Final Results 

In summary, the final revised specifications for 
corundum, natural crystals, dated January 1951, in- 
clude establishment of size requirements for both 
crystal and crystal concentrates, see Table VI. The 
percentage of corundum, rather than of alumina, 
for three grades of each type are specified, and 
definite abrasive characteristics are stated in detail. 
In addition, specific instructions are incorporated 
concerning the extraction of a representative sam- 
ple, the preparation of the test sample, the leach- 
petrographic test for determining actual corundum 
content, and the method of performing an abrasive- 
value test and a grain-breakdown test. 

To date, the Bureau of Mines and the National 
Bureau of Standards have been making their re- 
spective tests for evaluating samples submitted by 
the Federal Supply Service of the General Services 
Administration, and clear-cut evidence has been 
obtained for the acceptance or rejection of the sub- 
mittals tc the Goverment’s program of corundum- 
ore stockpiling. 
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Suspension Preheating of Dry Pulverized Materials 


by G. K. Engelhart 


A multi-stage counterflow process developed in Germany preheats dry pulverized 
portland cement raw materials held in suspension in rotary kiln waste gases. 
Capacity of the first kiln installed for this purpose in the United States has been 
increased from 860 to 1500 bbi per day, with fuel reductions from 1,100,000 Btu 
to 650,000 or 700,000 Btu per bbl. Sixty percent of total waste gas is used. As full 
use of the gas stream is approached, additional kiln production and fuel economy 


may be expected. 


FFECTIVE use of rotary kiln waste gases to pre- 

heat dry pulverized materials has been demon- 
strated in full-scale operation at the Allentown 
Portland Cement Co. plant, Evansville, Pa. Pulver- 
ized raw materials are preheated in suspension in 
the gas stream in a multi-stage counterflow process 
which draws the gases through a series of cyclone 
collectors. Upon entering the first cyclone stage the 
material, continuously delivered and suspended in 
the gas stream, is successively collected and re- 
suspended until it discharges through the kiln feed 
pipe. Gas and material contact time is thus pro- 
longed, providing a high degree of heat recupera- 
tion with a very low temperature differential be- 
tween gas and material at the final stage. 

The suspension preheater, developed by Klock- 
ner-Humboldt-Deutz AG of Cologne, Germany, was 
first installed at the Norddeutsche Huette plant, 
Oslebshausen, Germany. Similar preheaters are 
now in operation at three other German cement 
plants. The first American installation, at the Al- 
lentown Portland Cement Co. plant, was designed 
and manufactured by Fuller Co. of Catasauqua, Pa., 
Humboldt’s licensee for the United States, Canada, 
and Mexico. 

Design of this installation is essentially the same 
as the German original, but provision was made for 
varying the method to adapt the process to specific 


G. K. ENGELHART is Vice President, Fuller Co., Catasauqua, Pa. 

Discussion on this paper, TP 3766H, may be sent (2 copies) to 
A!ME before June 30, 1954. Manuscript, Nov. 20, 1953. New York 
Meeting, February 1954. 
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objectives of American portland cement production. 
Differences between German and American cement 
clinker production practices are directly related to 
differences in three primary production cost items: 
fuel, labor, and power. Because fuel costs are high 
in Germany and elsewhere in Europe, thermal effi- 
ciency has been the first objective of European ce- 
ment producers and manufacturers of rotary kilns. 
The Germans have developed such recuperative 
equipment as the present suspension preheater, the 
Miag calcinator, and the Lepol kiln, the invention 
of O. G. Lellep. 

In North America labor is the principal cost item, 
although rising fuel costs are of growing concern. 
High clinker production is therefore of first im- 
portance. Recent installations of longer dry process 
cement kilns have been disappointing, failing to 
make satisfactory reductions in exit gas tempera- 
tures when production is held at an acceptable level. 
The Humboldt suspension preheater satisfies both 
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. 1—Complete kiln assembly includes the Humboldt suspension preheater, a 
rotary kiln, 7-ft 1Dx125 ft, and a Fuller inclined grate cooler, 6x2Z ft. The bypass 


flue is included 


experimental purposes. 
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Fig. 2—A view of the clinker cooler, showing branches of 
the cooling air duct, which supply kiln combustion air and 
final cooling air. 


objectives, greatly increasing production, relative 
to kiln volume, and lowering fuel consumption per 
barrel of clinker produced. It should extend the 
useful life of the many short kilns operating in 
North America. 
Dry Raw Materials 

The raw material supply of the Allentown Port- 
land Cement Co. is an argillaceous limestone of the 
Jacksonburg formation, typical of the Lehigh Val- 
ley bluestone but somewhat higher in silica ratio 
than average. High-grade limestone from the com- 
pany quarry near Oley, Pa., is blended with the 
basic material, and is mixed with iron oxide, when 
required, before grinding. Ultimate composition 
correction and contact is accomplished by mixing 
in silos. Normal fineness is 90 pct —200 mesh. 

Raw materials from the plant of an associated 
company, the Valley Forge Cement Co., were burned 
during a full-scale experiment. Chemical composi- 
tion of the feed was substantially the same but min- 
eral content was slightly different. The mixture 
was prepared by dry grinding and blending rather 
than by normal beneficiation process, which includes 
a step of froth flotation.’” No significant differences 
developed in thermal effects or clinker quality, and 
data included in this discussion are therefore lim- 
ited to the Allentown Portland Cement Co. material. 

Neither of the raw materials mentioned above 
contains kaolin or other fine or colloidal material. 
Attempts to nodulize these and other Lehigh Valley 
cement raw materials for preheating by other meth- 
ods failed because adhesive characteristics were un- 
satisfactory. 

Arrangement of Kiln 

Complete kiln assembly, Fig. 1, comprises the 
Humboldt suspension preheater, a 7-ft IDx125 ft 
rotary kiln, and a 6x22-ft Fuller inclined grate 
cooler. For experimental purposes installation in- 
cludes a bypass flue whereby all the kiln exit gases, 
or any desired proportion, can be diverted directly 
to the stack. To determine the capabilities of the 
preheater operation was restricted for the first five 
weeks to kiln and inclined grate cooler only, with 
all kiln gases exhausting directly to the stack. This 
is conventional practice, except that stack and by- 
pass flue were designed for preheater operations 
rather than for continuous operation of the kiln 
without preheater. 

For purposes of this discussion, the cooler should 
be referred to as a recuperator of clinker heat, 
capable of reducing total fuel consumption as much 
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as 15 pet. Clinker discharging from the kiln, pref- 
erably at a temperature of about 2500°F, is distrib- 
uted as a bed several inches thick on alternate fixed 
and reciprocating grates. The motion of the grates 
maintains clinker particles under continuous agita- 
tion as the bed moves toward the cooler discharge 
point. A plenum chamber below the grates is di- 
vided to assist in diverting most of the kiln com- 
bustion air through the hottest clinker. Most of this 
air is used as secondary combustion air. Preheated 
primary air is withdrawn from the top of the kiln 
hood, the location of minimum turbulence, and tem- 
pered with atmospheric air to a safe temperature. 
The balance of the cooling air, exceeding that which 
can be used for combustion, is forced through the 
lower portion of the bed to reduce clinker tempera- 
ture below 150°F, rendering it suitable for grinding. 
This air is exhausted to atmosphere through a vent 
stack. A neutral or low negative pressure is desired 
in the chamber above the bed, and balance between 
combustion air and exhaust air is maintained by 
automatic vent stack damper control. 

The elevated temperature of 2500°F for clinker 
discharged from the kiln, the result of burning as 
close to the nose ring as practical, permits abrupt 
air quenching to freeze a maximum of the liquid 
phase compounds (about 25 pct of the weight) to 
undercooled liquid or glass, although this practice 
increases available kiln volume and promotes flame 
development. A side elevation, Fig. 2, of the clinker 
cooler shows branches of the cooling air duct, which 
supply kiln combustion air and final cooling air, 
respectively. The connection to the kiln hood, 
through which the clinker falls and air passes to the 
kiln, extends the full width of the cooler. The bal- 
anced crank drive for the grates is shown below the 
air duct. The 10° pitch of the grates, Fig. 3, is indi- 
cated by the flange of the brick casing between the 
observation door and the building column. The 
clinker breaker is shown at extreme left. 

Kiln and cooler assembly, without the preheater, 
produced an average of 860 bbl of clinker a day at a 
fuel consumption of 1,100,000 Btu per bbl. This is 
very satisfactory for conventional kilns of this size. 

Fuel supply, Fig. 4, at this plant is unusual, com- 
prising a mixture of 77 pct anthracite, 13 pct bitu- 
minous coal, and 10 pct oil. The oil is used to pro- 
mote ignition of the anthracite and may be omitted 
if the proportion of bituminous coal is increased. 


Fig. 3—The 10° pitch of the grates in this view of the 
clinker cooler is indicated by the flange of the brick casing 
between the observation door and the building column. The 
clinker breaker is shown at left. 
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Fig. 4—The fuel supply system is shown above. 


The kilns are bin fed, and anthracite and bituminous 
coal are ground together in a single tube mill. The 
primary air connection, with its tempering valve, 
may be seen above the kiln hood; air is drawn 
through the small cyclone collector to protect the 
primary air fan. The pulverized fuel mixture is de- 
livered to the burner pipe by a screw feeder of usual 
type. The Buell low-resistance collector in the 
background separates fine clinker particles from 
final cooling air vented to atmosphere. 


The Humboldt Suspension Preheater 

The Humboldt suspension preheater, Fig. 1, was 
started at Evansville, Pa., late in May 1953. The 
preheater includes a raw material supply bin; a ser- 
ies of four cyclone collector stages, with gas ducts; 
a dust collector; an exhaust fan and the usual stack. 
Exit gases from the kiln are drawn upward through 
a vertical duct having a short lateral, opening 
tangentially into the final or fourth stage of the pre- 
heater. Similar ducts deliver the gas to the third 
and second stages, but the gas stream is divided and 
passes from stage 2 to two cyclones of narrow diam- 
eter which form stage 1. These cyclones are pro- 
vided to increase collection efficiency. From stage 1 
the gases pass through a dust collector and fan to 
the stack. 

Raw material is continuously delivered to the sys- 
tem by a Fuller airlift-constant head feeder. This 
feeder is calibrated and its speed is adjustable from 
the burner floor. It delivers a stream of constant 
unit weight, discharging centrally into the duct 
leading from stage 2 to stage 1 at a point near the 
bottom of the duct. 

All gas duct dimensions are calculated to provide 
adequate velocity at the temperature required to 
suspend the material and carry it vertically to the 
cyclones. After separation in stage 1 the collected 
material passes through balanced gates, which serve 
as gas locks, and is conducted by tubes opening into 
the gas duct between stages 3 and 2. The preferred 
point of entry is immediately above the discharge 
opening of stage 3. 

Stages 2, 3, and 4 are essentially identical, the 
material being alternately suspended and collected, 
finally discharging into the kiln feed pipe. Time of 
gas and material exposure from initial suspension 
in stage 1 to final discharge from stage 4 is approxi- 
mately 20 sec, sufficient time for transfer of heat. 

Dust escaping in the exhaust ducts of stage 1 is 
collected by four banks of three high efficiency cy- 
clones. Final dust lading in the stack discharge is 
3 grains, after 40 pct of the gas is bypassed. Col- 
lected dust discharges into the kiln feed pipe in 
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combination with the discharge of stage 4. Me- 
chanical interferences prevented convenient return 
of collector dust to the riser duct between the kiln 
and stage 4. Since this dust amounts to about 5 pct 
of total kiln feed, and since its temperature aver- 
ages 245°F, it should be returned to the system for 
preheating, preferably to stage 4, as a closed circuit. 
This change is designed and is expected to effect 
further fuel economy. 

Construction and arrangement of the preheater 
and raw material supply systems are illustrated in 
Fig. 5. The relation of this assembly to the kiln is 
shown in Fig. 6. To improve initial recuperation, 
the back (feed) end of the kiln was provided with 
lifters for a distance of 12 ft, comprising brick 4 in. 
square elevated 3 in. above the surface of the lining 
on 1-ft centers. 

A tempering valve was designed to admit atmos- 
pheric air into the kiln exhaust duct to provide for 
temperature control, if calcination proved undesir- 
able or if heated materials became sticky, build- 
ing up in collector discharge ports. Some tendency 
to stickiness, particularly in the discharge from the 
final stage, was overcome by increasing the diame- 
ter of the balanced gate. 

All cyclones and ducts below stage 1 are lined 
with cast refractories 6 in. thick. Stages 2, 3, and 
4 have an ID of 9 ft 10 in. Each of the two cyclones 
forming stage 1 has an ID of 5 ft 3 in. 

Table I is based upon operation with only 60 pct 
of total kiln gas conducted through the preheater, 
the balance being discharged through the bypass 
directly to the stack. 

The most significant data are the relative tem- 
peratures of gas entering and material discharging 
from stage 4 and the temperature of the fan intake 
compared with kiln exit gas temperature. 

Clinker capacity rose from 860 to 1500 bbl per 
day and fuel consumption dropped from 1,100,000 
to between 650,000 and 700,000 Btu per bbl. 
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Fig. 5—Arrangement of preheater and raw material supply systems. 
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Concurrently with the recording of heat transfer 
data, tests were conducted to determine whether or 
not this method would have adverse effects on the 
quality of cement clinker and, presumably, on the 
products of other pulverized materials treated in 
rotary kilns. These tests included investigations of 


Table |. Comparative Gas and Material Temperatures at Principal 
Preheater Change Points, 60 Pct Gas to Preheater, Balance 
to Stack, Average of 41 Tests 


Item Temperature, °F 

Kiln, waste gas (preheater ting) 1986 
Kiln, waste gas (without ter) 1565 
Stack gas, combined 615 
Bypass flue 920 
Gas, duct, stage 1 to dust collector 535 
Gas, inlet 465 
Gas, duct, kiln to a 1504 
Material, stage 4 to 1332 
Gas, duct, 5 4 to stage 3 1260 
Material, Fe oth stage 3 1190 
Gee. duct, 3 to 2 1016 

946 
Gas, ont, stage 2 to ~~ 1 667 
Material, disc stage 1 590 

Static Pressures Throughout Preheater, Water, In. 

Duct from kiln to stage 4 1.6 
Duct from stage 4 to stage 3 5.2 
Duct from stage 3 to stage 2 9.6 
Duct from stage 2 to stage 1 14.1 
Duct from stage 1 to collector 18.4 
Duc lector to fan 22.4 


possible segregation of constituent minerals be- 
cause of particle size distribution or differences in 
specific gravity, aggravated, perhaps, by calcination 
of carbonates in the lower stages of the preheater. 
Calcination occurs, but reliable data are not avail- 
able to determine what part of total ignition loss 
may be attributed to calcined particles carried into 
the system from the kiln. Segregation has not been 
detected, however. It was found unnecessary to re- 
turn the dust collector discharge to the raw feed 


410—MINING ENGINEERING, APRIL 1954 


or gas streams, but this would undoubtedly in- 
crease total recuperation. It is assumed that repeat- 
ed collection and continuous flow account for main- 
tained blend and contact. 

Another possible adverse effect was in ultimate 
discharge of gases from the system at temperatures 
below condensation temperatures of the alkalies. 
As compared with clinker of the same raw material 
composition, produced concurrently in another kiln 
of the plant, average analyses of 18 days deter- 
minations, by flame photometer, were as follows. 
Average theoretical total alkali, expressed as Na,O 
in feed to the kilns, was 1.036 pct. In the short kiln, 
without preheater and without flue dust collection 
and return to the feed, the total alkali in the clinker 
was reduced from 1.036 to 0.53 pct, a reduction of 
48.5 pct from the theoretical limit. From the kiln, 
with preheater and flue dust recovery and return, 
alkali was reduced from 1.036 to 0.623 pct, a reduc- 
tion of 40.1 pet from the theoretical limit. 

This slight gain would not justify discarding part 
of the collector dust of highest alkali concentration. 
Clinker produced is consistently of high quality, 
improved density, and lower free lime as compared 
with clinker produced by the other four kilns at 


the plant. 
Proposed Experiments 
Low temperature differentials between material 
and gas, particularly at the third and fourth stages, 
appear to confirm early estimates that four stages 
may not be necessary to obtain satisfactory thermal 
efficiency. As this is written, the preheater is being 
modified to permit delivery of raw material directly 
to any stage. The cyclones of the present installa- 
tion will continue to carry the gas stream, thus serv- 
ing as part of the dust collection system. One ap- 
parent advantage of the four-stage preheater, apart 
from its proved heat exchange capacity, is that it 
discharges gas at temperatures within the efficient 
operating range of electrical dust precipitators. The 
first stage and its related duct work can be made of 
black steel without refractory lining. 


Conclusions 

Suspension preheating is an efficient method for 
increasing capacity of dry process cement clinker 
kilns. It appears to have a potential for fuel reduc- 
tion superior to other known methods. With the 
possible exception of existing kilns equipped with 
waste heat boilers, suspension preheater installa- 
tions for existing kilns are economically justifiable. 
Fuel savings would justify suspension preheaters 
for dry short kilns over long kilns. On the basis of 
relative fuel economy, wet process kilns of adequate 
length, equipped with modern chain systems, have 
an apparent advantage over wet process kilns 
equipped with suspension preheater installations 
preceded by slurry or filter cake dryers, since the 
heat content of preheater exhaust gases is too low 
to complete drying. For existing dry process kilns, 
preheaters should be designed so that the only ca- 
pacity limitation is the practical fuel-burning capa- 
city of the kiln. Neither calcination in the preheater 
nor occasional secondary combustion in the pre- 
heater presents operating problems. 
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Solid State Bonding in Iron Ore Pellets 
by Strathmore R. B. Cooke and Robert E. Brandt 


For a study of the bonding that occurs in magnetite pellets dur- 


ing oxidation, cubes of magnetite, hematite, and quartz were 

repared, each with one surface polished and nearly optically plane. 
en faces were fired together under pressure and at various 
temperatures to determine whether bonding would occur. Sections 
of surfaces that bonded were examined microscopically. An attempt 


ARLIER work’* has shown that the strength 
developed by fired magnetite pellets containing 
silica or silicates is due to three separate effects. 
Two of these are associated with the formation of 
slag in the interior of each pellet at temperatures 
above 1000°C, where the atmosphere is substan- 
tially though temporarily neutral. The third is inde- 
pendent of the silica content and is responsible for 
the development of a hard shell around the pellet 
during the initial stages of firing, a condition which 
permits the pellet to assume the increasing load of 
the overlying burden and prevents extrusion of the 
slagged and semi-liquid interior. Pellets made from 
hematite concentrates do not show these effects un- 
less specific additives are incorporated, and it is 
these differences in behavior which in large part 
account for the difficulty in producing satisfactory 
pellets from such concentrates. 

Elsewhere it has been stated that “the most im- 
portant factor responsible for the development of 
strength in fired magnetite pellets containing no 
additive is the oxidation of magnetite to hematite 
and the subsequent recrystallization and grain 
growth of this constituent.’” The object of the inves- 
tigation reported in the present paper was to study 
in detail the mechanism described above and to 
evaluate its contribution to the strength of the fired 
pellet compared with other possible mechanisms, 
excluding slag bonding. This was effected by plac- 
ing together polished faces of two cubes prepared 
from specific minerals and then heating them under 
constant pressure at different temperatures both in 
air and in nitrogen. 

The materials used were magnetite, hematite, and 
quartz. The magnetite was cvarsely crystalline ma- 
terial from western Montana, the hematite was 
Itabira ore from Brazil, and the quartz was of op- 
tical grade but of unknown origin. A high-grade 
Lebanon (Pennsylvania) magnetite concentrate 
was used to prepare briquets for the investigation of 
bonding strength. Analyses of the iron oxide ma- 
terials are given in Table I. 

The specimens for furnace treatment were pre- 
pared with a carborundum cut-off wheel, which cut 
the minerals into cubes approximating % in. along 
each edge. Care was taken to make the sides as 
parallel as possible. The edges of the faces to be 
polished were beveled, and the cubes were mounted 
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was made to measure the strength effected by this treatment. 


Fig. 1—Furnace for firing specimens under pressure and in 
@ controlled atmosphere. 


in brass rings with sealing wax, this being essential 
to prevent the specimens from rocking during pol- 
ishing. To prevent excessive friction, the wax was 
recessed so that only the brass ring and the face 
of each specimen would be in contact with the 
polishing lap. Each specimen was then ground with 
No. 600 carborundum to produce a level surface be- 
fore polishing. 


Table |. Analyses of Iron Oxide Materials 


Magnetite Montana Brasilian 
Concentrate, Pet Magnetite, Pet Hematite, Pet 
Fe, total 71344 Fe, total 66.05 Fe, total 69.94 
23.86 18.06 Fe** 0.40 
SiO: 0.52 SiO, 2.26 SiO: 0.05 
MgO 3.25 
CaO 0.04 


The Graton-Vanderwilt process was not used for 
polishing because of the long time required by this 
method, but several other methods were tried. Cloth 
laps using levigated alumina or chromium oxide 
did not produce the desired polich. Satisfactory re- 
sults were obtained by means of a pitch lap,’ which 
was used for all the mineral cubes, with levigated 
alumina as the polishing medium. The lap was op- 
erated in a machine similar to those used in the 
preparation of single optical surfaces. It was run at 
low speeds and moderate pressures, and polishing 
was stopped occasionally to prevent overheating of 
the lap. A good polish with flat surfaces could be 
obtained in about 5 min. After polishing the sealing 
wax was removed either in hot water or in a sol- 
vent such as turpentine. 
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Fig. 2—Method of mounting briquets to obtain tensile strength. 


An electric tube furnace, Fig. 1, was designed to 
fit between the uprights of an hydraulic press and 
mounted so that it could be raised or lowered at 
will. The specimens were placed on a movable %4- 
in. 18-8 stainless steel rod attached to the hydraulic 
jack. Pressure was applied to the specimens by 
raising the assembly against a similar rod fixed to 
the upper frame of the press. The furnace, which 
was built around the pressure rods, was then low- 
ered to center the specimens in the hot zone. The 
firing temperature was controlled with a Variac 
voltage regulator and was measured by a thermo- 
couple passing through the furnace wall and resting 
against the specimens at their contact. A maximum 
of 1000°C was obtained in this apparatus. 

Modifications of this equipment were made when 
a neutral atmosphere was desired. Fig. 1 shows the 
final design for operating in a controlled atmos- 
phere. An electrically heated reservoir was built 
around the lower pressure rod and was filled with 
molten Wood’s metal. An air-tight seal could then 
be made by lowering the furnace so that the silica 
tube was immersed in the molten bath. Nitrogen 
was admitted through copper tubing extending 
through the bath and into the furnace from oppo- 
site sides. It was found that commercial nitrogen 


Fig. 3—Bonding between magnetite cubes fired in 
4 hr at 700°C. X500. On the original print fine 
magnetite can be seen along the contact. 
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contained a considerable amount of oxygen. This 
was removed by passing the gas over heated copper 
turnings. The thermocouple was introduced through 
the top of the furnace tube, and the free space was 
plugged loosely with glass wool to avoid eddy cur- 
rents of air which would sweep back into the fur- 
nace. This arrangement worked satisfactorily, and 
no oxidation could be detected microscopically in 
the fired specimens. 

In operation, the furnace and pressure rods were 
pre-heated to the desired firing temperature. The 
furnace was then raised so that two specimens with 
their polished faces in contact could be placed on 
the lower pressure rod. Care was taken properly to 
align the specimens, and a slight pressure was ap- 
plied to hold them in place. The furnace was then 
lowered around them and the thermocouple placed 
in position. The specimens reached firing tempera- 
ture in about 7 min. A pressure of approximately 
1000 psi was then applied to hold them in intimate 
contact, and this was held until the end of the run. 
The firing time was measured from the time the 
specimens reached temperature until the end of the 
run. The furnace was then raised, thus permitting 
air-quenching. 

The firing technique in nitrogen was different 
from that used in air, since it was impossible to 
maintain the atmospheric seal while charging the 
pre-heated furnace. The specimens were therefore 
placed in the furnace at room temperature and the 
atmospheric seal was established by lowering the 
furnace into the molten Wood’s metal. Air was 
flushed out of the system with nitrogen at a flow 
rate of approximately 300 cu cm per min, and the 
specimens were heated to the desired firing tem- 
perature. A pressure of 1000 psi was applied and 
maintained until the furnace was shut off, but the 
flow of nitrogen was continued until the specimens 
had cooled to room temperature. 

Those cubes which bonded during firing were 
mounted in sealing wax, sectioned across the junc- 
tion, remounted in a copper ring with sealing wax, 
and polished with the pitch lap. Photomicrographs 


Fig. 4—The junction between magnetite cubes fired in air 
for 1 hr at 900°C. The magnetite along the contact is very 
pronounced. X500. 


TRANSACTIONS AIME 


’ 
air for 
blebs of 


were then taken to record different contact struc- 
tures obtained with various firing conditions. 

An effort was made to measure tensile strengths 
of the bonded cubes, but because of the naturally 
occurring cracks in the minerals the data obtained 
were not reproducible. 

In an attempt to get around this difficulty, 
briquets were prepared from the magnetite concen- 
trate. Five-gram samples of —200 mesh concentrate 
containing 10 pct water were placed in a %-in. steel 
mold and a pressure of 24,000 psi was alternately 
applied and released 10 times to ensure maximum 
compaction of the particles. The green briquets 
were then removed and placed in an electric fur- 
nace. To remove the water the temperature was 
raised gradually from room temperature to 450°C 
over a period of 2 hr. Firing was then effected by 
raising the temperature to 1300°C and holding at 
that temperature before furnace-cooling to room 
conditions. All furnace operations were performed 
in a nitrogen atmosphere. 

The fired briquets were uniform to 1/1000 in. 
diam and appeared to be free from external or in- 
ternal cracks. They could not be polished on a pitch 
lap because lap material was forced into the inter- 
stices, but they were coherent enough to take a good 
polish on a Graton-Vanderwilt machine. After 
preparation of one flat polished surface on each 
briquet by the last-mentioned method, a series of 
two briquets with polished faces in contact was fired 
in precisely the same manner as previously de- 
scribed for the mineral cubes. 

A special procedure, shown in Fig. 2, was adopted 
to determine tensile strengths of the briquets which 
bonded under these firing conditions. Peripheral 
notches were cut in the specimens, and a rubber 
sleeve was placed over the plane of contact. The 
specimen with its sleeve was then placed in a mold 
containing two steel screw eyes so disposed that 
they lay in a straight line perpendicular to the plane 
of contact. Molten Wood’s metal was then poured 
around the specimen. When this solidified each end 
of the specimen was firmly gripped by metal which 
had entered the notches. The tensile strength of the 


Fig. 5—Bonding 
4 hr at 1000°C. The magnetite along the contact 
developed. X500. 
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bond was determined by breaking in an Amsler 
testing machine. 

The strengths of individual briquets were also 
measured by this method. Here the briquet, ap- 
proximately 1 in. long, was deeply notched at its 
center, as shown in Fig. 2, to provide a zone of 
weakness. Otherwise the method of mounting and 
of testing was the same as described above. 

The area of fracture in both cases was measured 
by projecting its image on a ground glass plate and 
tracing on paper the fractured area in relation to 
the total area of cross-section of the briquet. The 
ratio of areas was determined from the weights of 
the cut papers representing the relative areas. Ten- 
sile strength was reported on the basis of kilograms 
per square centimeter. 


Experimental Results 


Magnetite-Magnetite Fired in Air: Magnetite 
cubes in contact were fired in air at temperatures 
ranging from 500° to 1000°C for different times. 
The lowest temperature at which a bond strong 
enough to withstand sectioning and polishing was 
obtained was 500°C, and in this case it was neces- 
sary to fire the specimen for 8 hr. At 600°C strong 
bonding occurred after 4 hr of firing. One hour of 
firing produced weak bonding below 700°C, in- 
sufficient, however, to permit subsequent handling. 
It is evident that both the time and the temperature 
are important factors in the bonding of these mag- 
netite cubes. 

Figs. 3, 4, and 5 show typical structures developed 
along the plane of bonding. At low and moderate 
temperatures the bond consists of a narrow band of 
hematite in which there is dispersed a small amount 
of magnetite, which may or may not be residual. 
At high temperatures, 900° and 1000°C, and with 
prolonged heating, the oxidation spreads out into 
the surrounding magnetite to a pronounced degree, 
and a prominent band of magnetite develops along 
the original junction, see Figs. 4 and 5. Occasionally 
a continuous field of magnetite extends across the 
contact, see Fig. 6. 


Fig. 6—Photomicrograph of another portion of the junction 
of the same specimen shown in Fig. 3. The contact here is 
magnetite, with no trace of hematite. X500. 


APRIL 1954, MINING ENGINEERING—413 


. in air for 
is strongly 


Magnetite-Magnetite Fired in Nitrogen: No bond- 
ing occurs between magnetite cubes fired in nitro- 
gen at temperatures up to 1000°C. 

Magnetite-Hematite Fired in Air: Bonding takes 
place at 600°C after 4 hr of firing, but not at lower 
temperatures, and at 800°C after 1 hr of firing. With 
commensurate firing times, the bonding takes place 
at a higher temperature than that of the magnetite- 
to-magnetite system. Fig. 7 shows that the bonding 
can be attributed to the cementation of the freshly- 
formed hematite to the original hematite. Mag- 
netite, which is apparently residual, may also be 
prominent along the contact, see Fig. 8. However, 
in Fig. 9 the magnetite extends as embayments 
across the contact into the hematite. 

Magnetite-Hematite Fired in Nitrogen. No bond- 
ing occurs in the magnetite-to-hematite system fired 
in nitrogen. 

Other Systems Investigated. Magnetite and quartz 
do not bond in either air or in nitrogen at tem- 
peratures up to 1000°C. This is to be expected, since 
Bitsianes has shown‘ by X-ray study that solid re- 
action between magnetite and quartz takes place at 
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900°C only after firing for a very long time, ap- 
proximately 20 hr. 

No bonding is obtained between hematite and 
quartz or between hematite and hematite when 
fired in air at temperatures up to 1000°C. 

Tensile Strength Measurements. Tensile tests 
made on bonded cubes failed to give reproducible 
data. Unfortunately, in spite of many precautions 
made during testing, heat-bonded polished briquets 
also failed to give reproducible tensile strengths. 

Another attempt was therefore made to evaluate 
the tensile strength effected by cementation result- 
ing from the oxidation of magnetite. This was done 
by firing green briquets, prepared as described be- 
fore, in air for 3 hr at temperatures ranging from 
800° to 1400°C. Tensile strengths were determined 
as described under Experimental Procedure. Re- 
sults are shown in Fig. 10, each point representing 
the arithmetic mean of the strength of six briquets. 
Maximum strength was reached at a temperature of 
1200°C, with rapid decline at higher temperatures. 
Minute cracks could be seen in those briquets fired 
at 1400°C, a condition which may have been incip- 
ient at 1300°C, and which could account for the 
decrease in strength. The measured apparent den- 
sity decreased above 1200°C, and it should also be 
pointed out that appreciable quantities of hematite 
convert to magnetite at 1300°C or higher. 

To evaluate the tensile strength caused by re- 
crystallization of magnetite, another series of 
briquets was fired in nitrogen and tested. The re- 
sults are also given in Fig. 10. These briquets pos- 
sessed inappreciable strength below 950°C, but it 
rose rapidly above that temperature to a maximum 
at 1300°C. The apparent density increased steadily 
from 950° to 1400°C. 


Fig. 7 (upper left)—Bond between magnetite and hematite 
cubes fired in air for 4 hr at 700°C. X500. The hematite is 
the white constituent. 


Fig. 8 (lower left)—Bond between magnetite and hematite - 
cubes fired in air for 4 hr at 800°C. X500. Note the mag- 
netite along the contact. 


Fig. 9 (lower right)—Junction between magnetite and hema- 
tite cubes fired in air for 1 hr at 1000°C. X500. 
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Fig. 10—Tensile strength vs temperature curves for mag- 
netite briquets heat-treated for 3 hr. 


In this investigation it was found that in a neutral 
atmosphere direct bonding of magnetite-to-mag- 
netite cubes or of magnetite-to-hematite cubes, 
within the limits of pressure and time investigated, 
does not occur at 1000°C or lower, and that direct 
bonding of magnetite particles does not occur to any 
extent below 950°C. Above this temperature re- 
crystallization, manifested as interparticle bridging, 
causes the tensile strength of briquets to rise rap- 
idly to a maximum, as shown in Fig. 10. Compres- 
sive strength data,° obtained by crushing pellets 
made from the same material as the briquets and 
fired in nitrogen, gave similar results, demonstrat- 
ing good correlation of strengths obtained by two 
different methods of testing. 

The strength of briquets fired in air at tempera- 
tures up to 1300°C is greater than that of briquets 
fired in nitrogen. This is an apparent contradiction 
of data presented elsewhere,’ which shows that the 
strength of pellets fired in nitrogen is greater than 
that of pellets fired in air above 1000°C. In this 
last-mentioned case the high silica content of the 
pellets gave rise to a duplex structure, materially 
lowering their compressive strength. Cooke and 
Stowasser,’ however, have shown that if magnetite 
pellets are pre-oxidized and then re-fired at higher 
temperatures, the crushing strength becomes greater 
than that of similar pellets fired in nitrogen. The 
strength of briquets fired in air, see Fig. 10, resem- 
bles these data for pre-heated pellets.. 

Cementation of two magnetite cubes under oxi- 
dizing conditions occurs, under pressure, at a tem- 
perature as low as 500°C. The effect of pressure 
was not investigated in detail, but at high tempera- 
tures bonding occurs between polished magnetite 
faces held together at very low pressure. A study of 
a large number of sections shows that the degree of 
cementation increases with the temperature and 
with the time of firing. Crystal orientation of adja- 
cent surfaces is not a factor governing cementation. 
Bonding magnetite-to-hematite in air requires 
higher temperature than magnetite-to-magnetite. 
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Fig. 6 shows the interesting and not unusual phe- 
nomenon of an apparent magnetite-to-magnetite 
bond formed at 700°C in air. This could be either a 
magnetite bond or a cementation bond. If the 
former, it may have been caused by unusually good 
contact and high unit pressure at that point, for the 
polishing technique did not permit optically plane 
surfaces to be formed on the-cubes. It is probable, 
however, that this is not a direct bond because this 
type of bonding did not occur when similar cubes 
were fired in nitrogen at temperatures up to 1000°C. 
A better explanation is that cementation of areas 
of very close contact has occurred in the usual man- 
ner, followed by solid solution of the small amount 
of hematite in the surrounding magnetite. 

When cubes of magnetite are fired together in air 
at low temperatures, blebs of magnetite are fre- 
quently found along the original line of contact and 
completely enclosed by hematite, see Fig. 3. These 
may be residual magnetite. At higher temperatures, 
however, there seems to be a definite migration of 
hematite away from the junction and a correspond- 
ing replacement by magnetite. This becomes very 
pronounced at 1000°C, see Fig. 5. 


Conclusions 

This paper presents a study of the solid state re- 
action responsible for the development of the hard 
shell in conventionally fired magnetite pellets and 
the high strength and uniform internal structure in 
laboratory pellets pre-oxidized before final firing.’ 
The conclusions are summarized as follows: 

1—Bonding occurs between magnetite cubes fired 
in air at temperatures as low as 500°C. The degree 
of bonding increases with temperature and time. 

2—Bonding occurs between magnetite and hema- 
tite cubes in air at higher temperature, starting at 
about 600°C. 

3—No bonding is effected between magnetite 
cubes or between hematite and magnetite cubes 
when fired in nitrogen at temperatures up to 1000°C. 
This clearly indicates that oxidation governs the 
bonding mechanism at this or lower temperatures. 

The bonding effected by heat treatment in air is 
caused by conversion of magnetite to hematite, the 
hematite forming a practically continuous layer be- 
tween the cubes. At high temperatures the hema- 
tite tends to migrate away from the bond and to be 
replaced by magnetite. 

5—Owing to many uncontrollable variables, it 
was found impossible to determine quantitatively 
the strength of the bonding, although an extensive 
study of tensile strengths was made. However, a 
tensile method of determining the strengths of 
briquets was developed which gave data comparable 
to those obtained by compression tests on pellets 
made from the same material and heat-treated in 
the same manner. 
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Flotation of Oxidized Zinc Ores 


by M. Rey, G. Sitia, P. Raffinot, and V. Formanek 


Six years of laboratory study, followed by three years of mill 
ration treating more than 10,000 tons of ore, have established 
the flotation of oxidized zinc ores with fatty amines as an efficient 
process. Recently the method has been applied with success to 
partially oxidized sulphide ores. In this paper the authors give an 
account of their research and the milling results obtained in 
Sardinia since 1951. 


ONCENTRATION of oxidized copper and lead a good grade of concentrate. With many ores this 
ores by flotation has been practiced for 30 years, reagent combination lacks adequate selectivity. 

but flotation of oxidized zinc ores has remained un- In 1939 M. Rey initiated a program of research on 
solved until a few years ago. this important problem. Work was pursued first at 

This problem is, however, of great importance in the School of Mines in Liége, Belgium" * and later in 
mining districts where large tonnages of oxidized Paris in the laboratories of Société Miniére et 
zine ores exist in underground mines or in dumps. Métallurgique de Penarroya and Société Minerais 
Some sulphide ores also possess a degree of oxida- et Métaux. Reagents used in the beginning were 
tion high enough to justify recovery of oxide zinc higher xanthates and mercaptans, later fatty amines. 
minerals. Various attempts have been made to float Sulphidization with sodium sulphide was found 


the zinc carbonate, smithsonite. necessary. These conditions make possible the flota- 
It is well known’ that smithsonite can be collected _ tion of zine carbonate and zinc silicate. 

with fatty acids, but as the predominant gangue | x 100 
constituents, limestone and dolomite, are floatable c 
with the same reagents, fatty acids are difficult to 
use. Gaudin has shown,’ on mixture of pure min- neraneneenTe & 
erals, that smithsonite can be floated with higher WILLEMITE 
xanthates, or better, with higher mercaptans. An- 80 
other procedure, briefly mentioned by Davis,’ con- & 
sists in sulphidizing the ore, activating the zinc car- = 
bonate with copper sulphate, and floating with ord- 

inary xanthates. This process was attempted in the 

writers’ laboratory in 1946, but results were erratic. 60 
It has since been taken up by Italian engineers and 

is in operation on certain types of ores. ” 


Two other research projects should be mentioned. 
In 1942 Erlenmeyer and others‘ floated synthetic 
mixtures of smithsonite and gangue minerals with 40 
hydroxyquinoline, an analytical reagent for zinc. On 
the other hand, Bunge, Fine, and Legsdin published 
in 1946" some interesting results obtained on Mis- 
souri oxidized zinc ores. With sodium oleate as a ‘di 
collector and a combination of sodium hydroxide, ' 20 
sodium silicate, and citric acid as a limestone de- 
pressor, they secured, after four cleaning operations, 
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M. REY, Member AIME, is Professor and Director of Flotation 
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Metoux, Paris. 


Two milling plants were put in operation in Sar- 
Discussion on this paper, TP 3768B, may be sent (2 copies) to  ‘dinia in 1950 and several others are now contem- _ 

AIME before June 30, 1954. Manuscript, Nov. 23, 1953. New Plated."° 

York Meeting, February 1954. It should be mentioned that unknown to the pres- 

ent writers McKenna, Lessels, and Peterson were 
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working on the same problem and in 1949 were 
granted a U. S. patent” covering a reagent combina- 
tion similar to the one which was used by M. Rey 
and his associates. 

Oxidized zinc ores usually contain the zinc-bear- 
ing minerals indicated in Table I. The carbonates 
occur chiefly in ores having a limestone or dolomite 
gangue. Hemimorphite is abundant when the gangue 
is rich in quartz but the carbonates and the silicate 
are often present together. Willemite is exceptional. 
The degree of association of the minerals with the 
gangue end the character of the gangue are exceed- 
ingly variable. Limestone, dolomite, quartz, talc, 
clay, and various iron oxides and hydroxides are 


Table |. Zinc-Bearing Minerals 


Mineral Formula 


Smithsonite Zn COs 
Hydrozincite Zn CO;.Zn (OH): 
Hemimorphite Znz SiO; (OH)s 
Willemite Znez SiO, 


found. In many instances a 100-mesh grind gives 
satisfactory liberation of zinc minerals, but in others 
this is not the case and the degree of association 
present is extremely fine. This is particularly so 
with brown or ferruginous calamines, which are 
sometimes completely unsuitable to flotation or any 
mechanical treatment. 

The presence of slime, composed of more or less 
ferruginous clay, is also in certain cases a problem, 
as is the presence of soluble salts, particularly cal- 
cium sulphate. 

As a general rule it can be stated that the lighter 
the oré color, the greater the chance to treat it with 
high recovery and low reagent consumption. 

More than 50 samples of ore belonging to 30 dif- 
ferent mines have been investigated so far in the 
authors’ laboratory. Of these 90 pct have responded 
favorably to treatment. These samples came from 
the following countries: France, Italy, Spain, Sar- 
dinia (Italy), Tunisia, Algeria, Morocco, French 
Congo, Norway, and Southwest Africa. 


Technique of Amine Flotation of Oxidized Zinc Ores 

Normal procedure is to float first the lead sulphide 
and oxide minerals, and the sphalerite, if present, 
with the usual reagents. Tailing from the lead or 
sphalerite flotation is the feed to the new flotation 
process. It is also possible to float sphalerite and 
oxidized zinc minerals in one operation and to sep- 
arate these later if desired. 

Flotation of oxidized zinc minerals comprises three 
steps: conditioning, sulphidizing, and addition of 
collecting and frothing agents. In the following dis- 
cussion these steps will be considered separately. 

Effect of Slimes. Conditioning: As is well known, 
slimes have a marked effect on flotation with amine 
reagents, owing to the tendency of amines to adsorb 
on their surface. When this happens the concentrates 
become contaminated, flotation of granular material 
is impaired, and reagent consumption is increased. 

Frequently, however, flotation can be carried out 
in the presence of the slimes if these are conditioned 
and neutralized in the right way. This may be done 
by use of sodium carbonate and sodium silicate, 
polyphosphates (Calgon), and some organic protec- 
tive colloids, such as starch and carboxymethyl- 
cellulose. 
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Fig. 2—Relationship between pH and Gaudin selectivity 
index. 


In certain cases slimes are so noxious that it is 
better to deslime the ore before flotation. The de- 
sliming operation may be carried out with cyclones, 
and in extreme cases a double desliming may be 
practiced to obtain a very clean feed for flotation. 
The desliming operation is also necessary when ores 
are of low grade or when the price of zinc is low, 
since in that case flotation of the slime portion of 
the ore is not economic. The slimes usually have 
about the same zinc content as the ore; accordingly 
the metal loss usually ranges from 10 to 20 pct. 

Sulphidizing. Effect of Sodium Sulphide: After 
conditioning or desliming or both, sodium sulphide 
is added and the amine collector immediately after, 
together with a frother. Action of the sulphide 
differs entirely from its action on lead and copper 
carbonate. With these minerals an excess of sodium 
sulphide acts as depressant, and flotation starts only 
when this excess has been consumed by the ore. 
Hence the necessity of a certain conditioning time. 
In amine flotation of the zinc minerals, an excess of 
sodium sulphide has no depressing effect, on the 
contrary, and conditioning is not necessary. Addi- 
tion of an alkali sulphide is indispensable. The 
authors have not succeeded in obtaining a selective 
float of the zinc minerals without its use. 

The alkali sulphide acts first as a pH regulating 
agent, giving an alkaline pH to the pulp. Recovery 
and selectivity increase with pH, see Figs. 1 and 2, 
and best results are obtained between pH 10.5 and 
11, although lower values are often admitted as a 
matter of economy. 

The beneficial effect of a high pH suggests that 
the effective collector is not an amine salt or amine 
ion but a free amine RNH,. An equilibrium exists 
between the two forms such as 


R— NH, + OH” = RNH, + HOH 


and an increase in alkalinity liberates more free 
amine from its salt. This is in agreement with the 
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findings of Arbiter, Kellogg, and Taggart” and 
Kellogg and Vasquez-Rosas” in their studies of the 
action of amines on metallic zinc and sphalerite. 
Action of sodium sulphide in this type of flotation 
is not entirely clear and warrants further studies. 

Collecting Agents. Amines: More than 50 differ- 
ent cationic reagents have been tested in the au- 
thors’ laboratory. The conclusion is that quaternary 
ammonium salts, amides, and secondary and tertiary 
amines have no collecting power. Correct results 
are obtained only with primary amines. 

Among these, the aliphatic amines are excellent, 
whereas aromatic amines such as aniline, toluidine, 
xylidine, and benzidine show no collecting power. 
Rosinamine, derived from rosin or abietic acid, can 
be used but its effect is impaired by its excessive 
sensitivity towards slimes. 

The cause of collection may be sought in complex 
formation with the zinc ion similar to complexes 
with ammonia. This hypothesis has been put for- 
ward by Arbiter, Kellogg, and Taggart" and pre- 
viously by Gaudin, in the study of the flotation of 
sphalerite. In the present case the idea is supported 
by the fact that all the zinc minerals are collected 
by the amines and by the fact that ammonia and 
ammonium salts act as depressants. The stability of 
complexes decreases in the following order: am- 
monia; primary, secondary, tertiary amine. This 
would explain the fact that only the primary amines 
act as collectors. 

The amines are used in the form of soluble salts 
such as the acetates or hydrochlorides. Amine bases 
can also be used in emulsion or dissolved in an or- 
ganic solvent. 

Frothing Agents: Froths obtained with amines 
alone are in general not satisfactory and frothing 
agents such as pine oil, alcohols, and Dowfroth are 
usually employed. 

Type of Flotation. General Results: When condi- 
tioning reagents, pH, pulp dilution, sodium sul- 
phide, and type of amine reagent and frother are 
correctly combined, flotation is rapid and froths are 
heavily mineralized. They are usually of a cream 
or slightly brownish tinge, and after one or two 
stages of cleaning, grades of 40 to 45 pct zinc can 
be obtained. 

In certain cases where the zinc minerals are finely 
disseminated in the gangue and liberation by grind- 
ing is incomplete, concentrates will contain a maxi- 
mum of 38 to 39 pct zinc. 

Grade of tailing may vary from 0.5 to 3 pct ac- 
cording to grade of heads and difficulty of concen- 
tration, so that recovery varies from 50 pct to over 
90 pct in different cases. 


Milling Plants in Italy, France, and French Morocco 

After some preliminary tests in February 1950 
two flotation sections were put in’ operation in the 
mills of Societa Mineraria é Metallurgica di Pertu- 
sola in Southern Sardinia, September 1950. Sardinia 
is known for its long record of production of cala- 
mines or oxidized zinc ores and the process is of 
great interest there. The above-named company 
was the first to use it on a commercial scale. 

At San Giovanni, in the Iglesias district, 300 tons 
per day of various dump materials are treated. The 
mill will later treat oxidized zinc ore from the mine, 
set aside for years because its ore was too dissemi- 
nated to be amenable to hand picking and jigging. 

At Buggerru, 20 miles away (old Malfiano mine), 
ore is preconcentrated in a galena sink and float 
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plant and the sink and fines are floated at the rate 
of 120 tons per day. 

A small operation on dump material has been car- 
ried out in France for nearly a year. 

A new development, 1952 to 1953, at Societa di 
Pertusola has been the flotation of oxidized zinc 
minerals from partially oxidized sulphide ores. At 
the mines of San Giovanni and Buggerru 300 tons 
per day of these ores have been treated for a num- 
ber of years for lead and sphalerite recovery. Tail- 
ings carried about 3 pct zinc in the form of carbon- 
ate. These tailings are now floated at Buggerru, and 
final tailings have been brought down to around 1 
pet. A similar operation, under study for San 
Giovanni, is possible because the mining and fine 
grinding costs are borne by the recovery of lead 
and sphalerite; the flotation operation bears only its 
reagent and operating cost. 

Since the beginning of 1953 tests have been under 
way in Morocco at the Touissit mine of Compagnie 
Royale Asturienne des Mines and the Zellidja mine 
of Société des Mines de Zellidja. In spite of the 
present low price of zinc an attempt will be made 
to install the process as a commercial operation. 


Milling of Oxidized Zinc Ores At Buggerru 


The oxidized zinc ore of Buggerru is a dolomitic 
limestone containing zinc carbonate and a small 
amount of lead carbonate. After being crushed to 
2-in. and deslimed in a log washer, the + % in. is 
treated in a Huntington-Heberlein sink-and-float 
plant. 

During 1949 and 1950, when flotation was not yet 
in operation, the plant treated rich ore running 13 
to 14 pct in zinc and 1.5 to 2.0 pct in lead. Density 
of medium was adjusted at 2.85 to make a high- 
grade sink and a float running 3 pct zinc. 


Table II. Flotation of Oxidized Zinc Ores at the Buggerru Mill 


Year 1952 
Metallurgical Results, Pct Zine 


September 1953 
Zine Lead 


Heads 

Lead carbonate concentrate 
Zine carbonate concentrate 
Tailings 

Recovery 


Reagent Consumption, 
Lb Per Ton 


88288 


8-£55 


ii 


Sodium carbonate 
Sodium silicate 
Organic colloids 
Sodium sulphide 
Sodium cyanide 
Amylxanthate 
Amine acetate 
Pine oil 


8 85 

3838 
8 33 


The sink, containing 39 pct zinc and 6 pct lead, all 
'n oxidized state, was reground and floated for re- 
covery of lead carbonate. ; The ‘flotation tailing was 
the zine concentrate. Not all ores are capable of 
giving such a high-grade product at this coarse size, 
but in this case the result was of great interest. 

Since the start of flotation operations grade of 
heads has been lowered to increase mine reserves 
and density of medium brought down to 2.7. In 
this way grade of float has been lowered to 2 pct 
zinc and metal loss reduced. The amount of float 
discarded represents 50 to 60 pct of the weight of 
run-of-mine ore. The sink at 19 pct zinc and fines 
at 11.3 pet zinc are combined and go to flotation. 


TRANSACTIONS AIME 


7 
; 13.02 
9.88 
4 40.50 
2.21 
; 86.40 
‘rout 
Circuit 


Daily capacity of the sink-and-float plant is 240 
tons, for the flotation section 120 tons. 

The flotation section receives the reground sink 
product and the slimes from a Dorr thickener. The 
thickener is operated with a slightly turbid over- 
flow to discard the finest slimes, which represent 
about 5 pct of the weight of ore. 

The ground pulp is conditioned with sodium sili- 
cate, sodium carbonate, and sodium sulphide and 
floated for recovery of cerussite. With heads at 1.6 
to 1.7 pct Pb, the concentrate, after double cleaning, 
runs 59 to 60 pct and tailing 0.30 to 0.35 pct Pb. 

Tailing from the lead flotation section is further 
conditioned with carbonate, silicate, and a small 
amount of organic colloids to disperse and neutral- 
ize slimes. Flotation of the zinc carbonate is car- 
ried out with the acetate of an aliphatic amine as 
collector and with sodium sulphide. Flotation cells 
used are positive-flow minerals separation machines. 

The concentrate is cleaned twice and shipped to 
the electrolytic zinc plant at Crotone, Italy. Results 
have been satisfactory from the start and have im- 
proved constantly. Fig. 3 is a flowsheet of the plant. 

Table II gives average results for 1952 and for 
September 1953. Reagent consumption, particularly 
of sodium sulphide, was high in 1951 and 1952 but 
decreased considerably in 1953, partly because of 
an increase in amount of slime discarded by the 
Dorr thickener. 

The partly oxidized sulphide ore of Buggerru is 
complex, as the limestone contains some pyrite, as 
well as sulphides and carbonates of lead and zinc. 
These five different minerals are recovered in series 
in the order: galena, sphalerite, pyrite, cerussite, 
smithsonite. The ore is deslimed before flotation of 
pyrite to facilitate later flotation and decrease re- 
agent consumption. At this point the slimes carry 
only 2 to 3 pct zinc in oxidized form and their treat- 
ment is not economical. 


Treatment of Partly Oxidized Sulphide Ore at Buggerru 


Pyrite flotation is really a scavenging operation 
by which a small amount of pyrite, 1.5 to 2.0 pct, is 
floated away to clean the pulp and facilitate flota- 
tion of cerussite. Reagent consumption is very 
small and at Buggerru amounts to a few grams per 
ton of ethylxanthate and pine oil. A small amount 
of zinc sulphate is also used to depress any residual 
sphalerite and recover it later in the oxidized zinc 
concentrate. 

Cerussite flotation is remarkable, owing to low 
grade of heads and small reagent consumption. 
Feed to the circuit assays 0.25 to 0.30 pct lead and 
tailing 0.15 pet. Concentrate runs 50 to 60 pct. This 
operation pays well because reagent consumption is 
very small: 


This flotation step improves the grade of zinc 
concentrate, which otherwise would be contami- 
nated with lead. Removal of cerussite is also fav- 
orable because it consumes sodium sulphide neces- 
sary for flotation of zinc carbonate. 

After flotation of the cerussite, smithsonite is 
floated and cleaned twice. Results for September 
1953, see Table III, show that when pulp is properly 
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Smithsenita 43% Zn 


Fig. 3—Flowsheet for sink-float and flotation mill at Bug- 
gerru, Italy. 


deslimed and cleaned of interfering minerals and 
when various factors such as pH, pulp density, re- 
agent additions at various points of the circuit, and 
cleaning of concentrates are properly adjusted, oxi- 
dized zinc flotation can be carried out with small 
reagent consumption. The loss in cyclone overflow 


Table Ill. Flotation of Partially Oxidized Sulphide Ores at Buggerru, 
September 1953. Pyrite-Cerussite-Smithsonite Circuits 


Recoveries 


Total Oxide 
Zine 


Cyclone underflow 
Pyrite concentrate 
Cerussite concen- 


te 
Tailing 


Reagent Consumption, Lb Per Ton of Cyclone Overflow 


Pyrite Cireuit Lb Per Ton 


Cerussite Cireult Lb PerTon 


Zinc sulphate Sodium sulphate 0. 
Ethylxanthate Amylxanthate 0, 
Pine oil J Pine oil 0. 


Smithsonite Circuit Lb Per Ton 


Sodium carbonate 
Sovlium silicate 
Sodium sulphide 
Amine acetate 
Pine oil 


* This figure is exceptionally high. 


shown in Table III is high, but this is being reme- 
died by better installation, and in October 1953 was 
already reduced to 26 pct. Cyclone overflow is lower _ 
grade than the underflow, a favorable factor. 
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Feed 
2 
(75% . (26%) 
Sieh SF Fleet Overflow 
( 52%) 4.6% 
| 
‘ Classifier Condifoner 
Cerussile Circuit 
> 
Ge 
Cérudsile 60% Pb 
Saithseni 
Weight, Total Oxide 
Item Pet Zine Zine Lead Lead . 
Feed 100.00 3.34 3.07 021 100.0 100.0 100.0 
Cyclone overflow 34.5° 2.56 2.26 0.10 — 
65.5 3.56 3.21 026 725 729 683.5 
145 14.15 1.96 
trate 0.16 6.00 600 57.14 — _ 43.8 ; 
Smithsonite concen- 
a 3.28 4435 43.81 143 453 48 — 
60.61 1,09 1.04 
traces — ‘ 
890 
032 
042 
Reagent Lb Per Ton 
Sodium sulphide 04 to10 1.340 
Amylxanthate 0.02 to 0.03 2.340 
Pine oil 0.04 to 0.06 0.100 
0.100 
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Operations at San Giovanni have been much more 
difficult, owing to the character of ore treated and 
the bad quality of water available. 

So far the feed has been taken from dumps and 
has been highly ferruginous and clayey. The water 
available is hard and contains chlorides and sul- 
phates that have a deleterious effect on flotation and 
increase reagent consumption. 


Milling of Oxidized Zinc Ores at San Giovanni 

The flowsheet includes flotation of cerussite with 
sodium sulphide and amylxanthate, then partial or 
total desliming with cyclones and flotation of oxi- 
dized zinc minerals, both zinc carbonate and zinc 
silicate. 

During a certain period slimes from the cyclones 
have been reintroduced in the circuit at an appro- 
priate point to increase metal recovery, but at pres- 
ent this is not done because of the low zinc price. 
On the contrary, thorough desliming is practiced 
before oxidized zinc flotation. ‘rhe desliming opera- 
tion cannot be carried out before lead flotation be- 
cause, as is well known, there is always high con- 
centration of lead minerals in the fine sizes. For a 
new mill, the advisability of desliming before fine 
grinding to reject the primary slimes would have 
to be considered. 


Table IV. Flotation Results on Sands and Slimes, San Giovanni. 


esh to —10 


200 M 
Item +200 Mesh 10 Microns Microns 


Weight, pct 9 
Feed, Zn, pet 


Concentrate, Zn, pet : 
Tailing, Zn, pet 
Recovery, Zn, pet 86. 


The effect of slimes on metallurgical results, apart 
from the fact that they consume a large quantity 
of reagents, is shown by data in Table IV, obtained 
in sampling the flotation circuit and sizing the prod- 
ucts, at a time when the desliming operation was 
not complete. 

Results on the +10 micron feed are excellent but 
on the —10 micron slime are unsatisfactory. There 
is a net loss in treating the —10 micron part of the 
ore, as a 22 pct concentrate has a negative value, 
and as much of this material as possible must be 
removed before flotation. 


Table V. Flotation of Oxidized Zinc Ores 
at the San Giovanni Mill, 1952 


Metallurgical Results, Pet 


Heads 

Oxidized lead concentrate 
Oxidized zinc concentrate 
Tailings 

Recovery 


Reagent Consumption, Lb Per Ton 


Sodium carbonate 
Sodium silicate 
Organic colloids 
Sodium sulphide 
Amylxanthate 
Petroleum 

Amine acetate 
Pine oil 


Because of the difficulties described above, good 
metallurgical results have been obtained at San 
Giovanni only at the cost of a high reagent con- 
sumption. Table V shows results and reagent con- 
sumptions for 1952. 
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Reagent consumption is notably lower in 1953, 
chiefly owing to better desliming. Water purifica- 
tion is being studied and will also be helpful. 

Concentrates from the San Giovanni mill contain 
some chlorine, due to the nature of the water, and 
cannot be used in an electrolytic zinc plant. They 
are calcined and shipped to a French smelter. 

Sulphide ores treated at San Giovanni contain 
about 3 pct oxide zinc like those milled at Buggerru, 
and recovery of this part of the zinc is under study. 
Favorable results have been obtained in the lab- 
oratory and in pilot mill tests, but operations in the 
mill still leave much to be desired. The ore contains 
more pyrite than at Buggerru, one reason for the 
difficulties encountered. 


Conclusions 


After six years of study in the laboratory and 
three years of mill operation treating more than 
100,000 tons of ore, it is held that flotation of oxi- 
dized zine ores by the combination of sodium sul- 
phide and primary amines is an efficient process and 
well under control. It has proved adaptable to a 
wide variety of oxidized zinc ores. Both mill and 
laboratory study of the numerous factors influenc- 
ing results have been rewarded by gradual im- 
provement in metallurgical results and gradual 
lowering of reagent consumption. 

The process will certainly be of use in mining 
districts other than those where it is now carried 
out. The experience already gained, only partially 
detailed in this paper, will be invaluable. 
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Leasing of Government Potash Lands 


by H. | 


EN Spain established colonies on the North 
American continent, some of her land grants, 
in what is now the United States, reserved to the 
Crown deposits of gold, silver, and mercury. Later 
mineral rights were reserved under some of the 
English Crown charters involving land in the east- 
ern part of North America, with provisions for the 
payment of royalties thereon to the Crown. 

Reservation of mineral deposits to the United 
States Government was instituted by an ordinance 
of Congress on May 20, 1785, which applied to such 
deposits in the Northwest Territory, then north of 
the Ohio River and east of the Mississippi River, and 
provided that there should be reserved “one third 
of all gold, silver, lead, and copper mines, to be sold 
or otherwise disposed of as Congress shall hereafter 
direct.” Little was known then of the mineral re- 
sources of the country; the Great Lakes copper region 
had just come into the possession of the United States 
by treaty and much of the western mineral land still 
belonged to France and Spain. 

The policy of leasing mineral deposits was en- 
acted by Congress under the act of March 3, 1807, 
which provided that “the President of the United 
States shall be, and is hereby, authorized to lease 
any lead mine which has been or may hereafter be 
discovered in the Indiana Territory, for a term not 
exceeding five years,” and in the same year the 
Government reserved 345,600 acres of land in 
northern Illinois, valuable for lead. 

In 1816 Congress provided that in all cases where 
a tract of public land containing a lead mine or salt 
spring was applied for by settlers on the public do- 
main, no permission to work the mine or spring 
would be granted without the approbation of the 
President of the United States. 

By the act of March 1, 1847 (9 Stat. 146), the con- 
trol of mineral lands was transferred, with all re- 
cords, from the War Department to the Treasury 
Department, and by the act of March 3, 1849 (9 
Stat. 395), supervisory powers over lead and other 
mines of the United States were transferred to the 
Secretary of the Interior. 

Following the discovery of gold in California in 
1848, President Polk advocated the leasing of min- 
eral lands acquired from Mexico under the treaty of 
1848. However, owing to the lack of communication 
and transportation facilities and the consequent 
difficulty of checking on production and operations, 
leasing was found impracticable. Mining was per- 
mitted to be carried on in each district under rules 
made by the miners themselves and patterned after 
the Mexican mining system. To meet the situation, 
Congress enacted mining laws in 1866, 1870, and 
1872, which provided for possession by location and 
for private ownership, after discovery, by patent of 
essentially all mineral deposits belonging to the 
United States, except coal. 


H. |. SMITH is Chief of the Mining Branch, Conservation Divi- 
sion, U. S. Geological Survey, Washington, D. C. 

Discussion on this paper, TP 3723H, may be sent (2 copies) to 
AIME before June 30, 1954. Manuscript, Jan. 13, 1953. Los Angeles 
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Many other acts were passed by Congress apply- 
ing to specific regions and states, reserving salt, 
lead, or other minerals, some of which provided for 
the leasing of such deposits. However, very few if 
any leases were issued thereunder. 

Not until 1901 (31 Stat. 745) were the mining 
laws extended to include salt, and in 1910 they were 
revised to specify salines and associated products. 

At the turn of the century, it became more and 
more evident that the mining laws developed for 
metallic minerals were not practical for the devel- 
opment and conservation of oil and gas, coal, potash, 
phosphate, or oil shale. Following withdrawals by 
the Secretary of the Interior as authorized by the 
act of June 25, 1910, the Department of the Interior 
recommended leasing legislation; however, it was 
not until February 25, 1920, that the Mineral Leas- 
ing Act was passed by Congress. This act author- 
ized leasing all public lands potentially valuable 
for oil, gas, coal, phosphate, sodium, or oil shale. 

The Organic Act, creating the Geological Survey 
in 1879, imposed upon its director the duty of clas- 
sifying the public lands.‘ The early years of the 
Survey were devoted largely to the accumulation 
of fundamental data and, with only minor excep- 
tions, land classification was not seriously under- 
taken until 1906. Since that year, it has been ac- 
tively pursued with respect particularly to leasable 
minerals and water power values. 

On March 3, 1873 (17 Stat. 607) Congress 
authorized the sale of coal lands of limited acreage 
to individuals at $10 to $20 an acre, depending on 
the distance from a railroad, and in 1907 a new 
scale of prices was adopted by the Secretary of the 
Interior, based, more logically, on the quality and 
thickness of the coal deposits, their depth below the 
earth’s surface, and their accessibility. At that 
time it was much cheaper and easier to obtain in- 
cidental title to coal rights under the homestead 
laws at $1.25 an acre. 

On March 3, 1909, the first separation act (35 
Stat. 844) became a law. It authorized patents, 
with a reservation of the coal and mining rights 
involved to the United States, to persons who in 
good faith had entered public lands under the non- 
mineral land laws prior to withdrawal, classification, 
claim, or report that such lands were valuable for 
coal. It solved the problem only partially, and the 
practice thereupon adopted by the department of 
making coal withdrawals “from all forms of entry” 
instead of “from coal entry” expedited the more 
complete solution effcted by later acts. 

By the act of June 22, 1910 (36 Stat. 583) with- 
drawn and classified coal lands were declared sub- 
ject to entry under the homestead, desert land, and 
Carey acts, provided a waiver of the coal rights 
accompanied the application, and by the act of April 
30, 1912 (37 Stat. 105) the same privilege was ex- 
tended to State selections and isolated tracts. 

The act of August 24, 1912 (37 Stat. 496) ex- 
tended the separation policy to lands withdrawn for 
oil and gas in Utah, and finally the act of July 17, 
1914 (38 Stat. 509) extended it to all nonmineral 
filings on public lands theretofore or thereafter 
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withdrawn in any state for phosphate, nitrate, pot- 
ash, oil, gas, or asphaltic minerals. 

The act of March 4, 1935 (47 Stat. 1470) extended 
the separation policy to lands withdrawn for sodium 
and sulphur. 

The act of August 1, 1946 (60 Stat. 755) extended 
the separation policy established by Executive Or- 
der 9701, dated March 4, 1946, to all fissionable 
materials in the disposal and use of all public lands. 

Three potash withdrawals, involving 133,829 acres 
in California and Nevada, were made within a year 
following passage of the amended 1912 withdrawal 
act. Later other public lands were withdrawn for 
potash classification, and a federal potash reserve 
not now subject to lease was withdrawn east of 
Carlsbad, N. M., on which the Government has 
drilled core tests and found a valuable deposit. 

Following the withdrawal and classification of 
public lands for mineral deposits or reservoir and 
power sites, a system for the dual use of the lands 
was required, and a mineral leasing system to per- 
mit both agricultural and mineral development was 
widely proposed. The leasing of mineral lands was 
not new. In 1911 more than 90 pct of the oil produc- 
tion in the United States came from leased fee lands. 
It was difficult to determine the value of mineral 
deposits, separate from the surface, particularly the 
per-acre value of oil lands if outright disposal of 
the minerals was involved. Instead of a person in- 
terested in development being required to advance 
the entire price of the lands at the outset, a leasing 
system was proposed whereby payments in the form 
of royalties would be made as the minerals were 
produced. A Geological Survey bulletin published 
in 1913 refers to the uncertainties as to the market 
value of potash that made the payment of a sales 
price on an acreage basis undesirable and the pay- 
ment for the mineral on a royalty basis much more 
desirable to the producer. Prospecting permits were 
advocated for exploration of deep-seated deposits 
and for the safeguarding of prospectors’ rights prior 
to discovery. 

Leasing was therefore recommended upon the con- 
dition that any leasing law enacted should be framed 
so as to encourage development, prohibit specula- 
tion, and compensate the state in which the lands 
were located from loss of taxes. 

The first mining lease issued in this century on 
public lands was a coal lease issued in Wyoming 
under a resolution of Congress passed in 1912. 

A review of a limited number of the hearings be- 
fore the various committees of Congress from 1910 
to 1917, on a bill to authorize exploration for, and 
disposal of, oil, gas, potassium, phosphate, and coal 
on public lands, reveals that the hearings were con- 
cerned largely with oil and gas. 

On October 20, 1914 (38 Stat. 743; 48 USC 440) 
Congress passed an act authorizing the leasing of 
coal lands in Alaska. 

On August 11, 1917 (39 Stat. 462) Congress 
authorized the Secretary of Agriculture to permit 
prospecting, development, and utilization of the 
mineral resources on lands acquired under the act 
of March 1, 1911 (36 Stat. 961), commonly referred 
to as the Weeks Act. This act applied primarily to 
the acquired forest lands in the East. On July 16, 
1946, under the President’s Reorganization Plan No. 
3, mineral leasing and the supervision of prospect- 
ing and mining operations of mineral deposits on 
these and other acquired lands were transferred 
from the Department of Agriculture to the Depart- 
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ment of the Interior. The act of August 7, 1947 (61 
Stat. 913) made the Mineral Leasing Act applicable 
to acquired lands subject to the same conditions as 
contained in the respective laws on public lands. 

Congress, on October 2, 1917, passed an act author- 
izing the leasing of potash deposits on public lands. 
On February 25, 1920, the so-called Mineral Leasing 
Act was passed and became applicable to coal, oil, 
gas, oil shale, phosphate, and sodium deposits. 

Congress, on April 17, 1926 (44 Stat. 301), pro- 
vided for the leasing of sulphur deposits on public 
lands in Louisiana, and on July 16, 1932 (47 Stat. 
701), amended the act to include New Mexico. One 
purpose of this act was to alert oil operators to the 
possibility of finding commercial sulphur deposits. 

Practically all the potash consumed in the United 
States at the turn of the century was imported, prin- 
cipally from Germany. However, in 1910 the avail- 
ability of this source of supply was threatened by 
the creation of the German potash cartel and by 
restrictions imposed by the German government 
requiring payment of the high cartel prices. 

In 1910, W. C. Phalen’ called attention to the Per- 
mian salt deposits in Texas, Oklahoma, Kansas, 
Colorado, and New Mexico as possible sources of 
potash salts, and in 1912* he published analyses of 
brines from Searles Lake in California. 

On March 4, 1911, Congress appropriated $20,000 
to search for a domestic source of mineral potash, 
which search was continued, with further appropri- 
ations, in later years. 

The Secretary of the Interior, Franklin K. Lane, 
before the Committee on Public Lands, in the hear- 
ings on HR 14094, 63rd Congress, March 25, 1914, 
page 14, stated: 


Neither are the placer laws suited to the loca- 
tion of form and areas of potash claims. Where 
the deposits are in brine, and the method of pro- 
duction is by pumping, for instance, a single well 
might be utilized for pumping the contents of an 
entire basin extending far beyond the limits of 
placer claim. If the deposit is in dry form, the 
area covered by a single location would be in- 
sufficient to justify the expenditure necessary for 
development of operations. 

This bill authorizes the Secretary of the Interior 
to grant prospecting permits as proposed for oil 
prospecting to persons who desire to prospect for 
wet or dry chlorides, sulphates, carbonates, bo- 
rates, and nitrates of potassium or sodium. The 
person or corporation to whom such a permit has 
been issued is to have the exclusive right for not 
more than three years to prospect and explore for 
such deposits in an area not to exceed 2,560 acres. 


In 1913, 270,720 tons of potash were imported 
compared with less than 10,000 tons imported annu- 
ally from 1916 to 1918, inclusive. During World 
War I the United States was in a serious situation 
in regard to its potash needs for agriculture, explo- 
sives, and other uses. The principal and potential 
sources were the Searles Lake brines in California, 
the Bonneville salt flats in western Utah, the alkali 
lakes in western Nebraska, the solid deposits of leu- 
cite in western Wyoming, greensand in New Jersey, 
alunite in western Colorado and eastern Utah, pot- 
ash feldspar in several states, sericite slates in Geor- 
gia, furnace dust, and organic sources such as kelp 
from the Pacific Coast, sugar beet and distillery 
waste, wool scourings, and wood ashes. Domestic 
production before World War I was confined largely 
to potash derived from wood ashes. With new sources 
of potash, principally brines, the domestic supply 
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increased slowly to 54,800 tons in 1918, but even 
such an increase in domestic production from 22 
states replaced only about one fifth of the 1913 im- 
ports. Prices are reported to have reached a high of 
$10 a unit of K,O or 50¢ per lb’ during World War I 
as compared with 3¢ per lb during prior years and 
about 2¢ during recent years. 

As an emergency war measure, Congress sepa- 
rated potash from the other minerals under consid- 
eration for leasing and passed the Potash Leasing Act, 
of October 2, 1917, which authorized the Secretary 
of the Interior to issue prospecting permits and leases 
not to exceed 2,560 acres within any 50-mile square 
area, restricted the Searles Lake area in California 
to leasing only, and provided for the leasing of leu- 
cite deposits in Wyoming with a reservation to the 
United States of the undeveloped coal deposits. To 
stimulate prospecting, a permittee who made a dis- 
covery of a valuable deposit was granted the right 
to a patent of one-fourth the area held under his 
permit. Under departmental regulations approved 
March 21, 1918, the remaining lands, if they con- 
tained potash in any form specified in the act, were 
subject to leasing by competitive bidding. However, 
that provision was modified by the amended regu- 
lations, approved March 27, 1926, which gave the 
permittee a preference right to a lease, provided he 
applied for a lease at the time he applied for a patent. 

The first Federal potash lease of record under the 
act was issued August 26, 1918, in the Searles Lake 
area in California, to the West End Consolidated 
Mining Corp., which is now the West End Chemical 
Co. However, no potash salts were produced from 
government-leased lands in California until after 
the issuance of three leases to the American Potash 
& Chemical Corp. on October 19, 1939. 

Need for the Potash Leasing Act of 1917 and its 
value in encouraging prospecting for potash are 
shown by the number of applications for prospecting 
permits and leases received by the General Land 
Office, now the Bureau of Land Management. From 
October 2, 1917, to June 30, 1918, applications were 
filed for 326 permits and 12 leases; during the fiscal 
year 1919, 208 applications for permits and 4 for 
leases; during 1920, 142 applications for permits; 
and during 1921, 150 applications for permits and 
12 for leases. However, many applications for per- 
mits and some for leases were denied because of 
conflicts with prior applications or other reasons. 

Among defects in the 1917 act were the awarding 
of unlimited patents to one-fourth the area embraced 
in prospecting permits and leasing the remainder 
of the area. In some cases the land was selected for 
patent in such a manner as to isolate blocks of gov- 
ernment land, precluding or diminishing the possi- 
ble chances of leasing the remainder of the permit 
area. To remedy these defects and to unify mineral 
leasing by harmonizing the Potassium Leasing Act 
with the Mineral Leasing Act of February 25, 1920 
(41 Stat. 437), the 1917 act was superseded by the 
act of February 7, 1927 (44 Stat. 1057). 

The 1927 act continued the minimum royalty of 2 
pct on potassium compounds and related products 
except sodium and provided for the production of 
associated sodium, magnesium, aluminum, and cal- 
cium. A royalty of 12% pct was established for so- 
dium in the 1920 Mineral Leasing Act. The legisla- 
tion on sodium, amended on December 11, 1928 (45 
Stat. 1019), provided “that nothing in this act shall 
prohibit the mining and sale of sodium compounds 
under potassium leases ... nor the mining and sale 
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of potassium compounds as a byproduct from sodium 
leases” and reduced the minimum royalty charge- 
able on sodium compounds to not less than 2 pct at 
the point of shipment to market. 

The Potash Leasing Act of 1927 was further 
amended by Congress on June 3, 1948: it changed 
the fixed term from a 20-year lease to a lease for 20 
years and so long thereafter as the lessee complies 
with the terms and conditions of the lease, subject 
to reasonable adjustment of terms as may be pre- 
scribed by the Secretary of the Interior at the end of 
each 20-year period succeeding the date of the lease. 
It authorized the Secretary of the Interior to permit 
suspension of operations when marketing conditions 
are such that the lease must be operated at a loss. 

Applications for potash leases and permits are 
filed with the manager of the district land office in 
which the land is located, or, if there is no district 
land office in the state, with the Bureau of Land 
Management, Washington, D. C.° 

Following receipt of an application, the Bureau 
of Land Management checks the status of the land 
involved to determine whether any or all of it was 
open for filing on the date of application. If any of 
the land is vacant, the application is referred to the 
U. S. Geological Survey for a report and recommen- 
dations. If the land is subject to leasing, terms per- 
taining to royalty, investment, and minimum pro- 
duction are recommended. 

Under the applicable regulations (43 CFR 194) no 
person, association or corporation may be granted 
either directly or indirectly an interest in more than 
51,200 acres in any one state for prospecting permits 
and 28,160 acres under lease. The maximum acreage 
obtainable in one permit or lease is 2,560 acres. 

Prospecting permits are issued for a period of 2 
years and may be extended for a like period pro- 
vided an adequate core test has been drilled on the 
permit land during the initial 2-year period. 

Upon making a discovery of a commercial deposit, 
a permittee is entitled to a preference right lease to 
any or all the land embraced in the permit, but not 
to exceed 28,160 acres in any one state. Vacant land 
known to contain valuable deposits may be offered 
competitively upon application or on the initiative 
of the Secretary of the Interior. Royalty rates range 
from 2.5 pet for sulphates to 5 pct for chlorides, 
based on the sales value of the crude or refined salts 
at point of shipment to market. The investment 
and production requirements are relatively low but 
sufficient to assure good intention in development of 
the deposits. The rentals for the first calendar year 
or fraction thereof are 25¢ an acre, 50¢ an acre for 
each of the next four calendar years, $1 an acre 
annually thereafter. The minimum investment on 
one or more leases may be credited to all leases ben- 
efited thereby. Leases are issued for an indefinite 
period, subject to compliance with the terms of the 
lease, with a provision for adjustment of terms and 
compliance with revised regulations and modifica- 
tions of the leasing act after each 20-year period. 

The supervision of prospecting and mining oper- 
ations, royalty accounting, and the collection of roy- 
alties under the potash act are under the jurisdiction 
of the Mining Branch, Conservation Division, United 
States Geological Survey, through the Regional 
Mining Supervisor.’ 

The first core test for potash in the Carlsbad, 
N. M., area, was drilled on non-Federal land by 
the E. J. Longyear Exploration Co. in 1917, about 3 
miles southeast of Carlsbad. Had Longyear drilled 
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about 15 miles farther east, a commercial potash 
deposit might have been discovered at that time 
rather than 10 years later. 

The discovery of potash in the Permian Basin east 
of Carlsbad was made by an employee of the Snow- 
den-McSweeney Oil Co. who noticed some pink salts 
in the cuttings from the McNutt No. 1 oil test well 
about 22 miles northeast of Carlsbad and had them 
analyzed for potash. When this information came 
to the attention of the Geological Survey, samples of 
cuttings were obtained from the company, chemical 
analyses were made, and the cuttings were exam- 
ined petrographically. These were the first cuttings 
from New Mexico to be so examined for potash by 
the Geological Survey. Previous examinations of 
cuttings from the Permian Basin had been restricted 
largely to chemical analyses, but from that time on, 
in the search for potash, samples collected by the 
Geological Survey from oil well cuttings and cores 
were examined mineralogically. 

The pink salts in the cuttings from the McNutt 
No. 1 well were identified in 1925 by R. K. Bailey 
of the United States Geological Survey as being 
polyhalite. One sample showed the presence of syl- 
vite which analyzed the equivalent of 3.09 pct K,O. 
When the Survey’s report was received by V. H. 
McNutt, geologist for Snowden-McSweeney, he rec- 
ognized the significance of the value of pure sylvite 
with 63.2 pct K,O, in comparison with polyhalite 
with 15.6 pct K,O. On application by McNutt, a 
prospecting permit was issued in 1926, and the first 
core test on a potash permit in New Mexico was 
drilled, resulting in the discovery of deposits of poly- 
halite, sylvite, carnallite, and langbeinite. Although 
the grade of potash salts was relatively low, consid- 
erable interest was created and the Snowden-Mc- 
Sweeney Co., the operator, decided to continue pros- 
pecting in the hope of finding a higher grade ore 
that could be economically developed. However, 
not until its fourteenth and sixteenth holes were 
drilled did the company find what it considered a 
potentially commercial deposit. 

The American Potash Co., subsequently the United 
States Potash Co., was organized to develop the de- 
posit and on March 1, 1931, the first commercial 
shipment of run-of-mine salts was made. The first 
shipment of refined salts was made in 1932. 

In 1931, following the initial production, a second 
group, later incorporated as the Potash Co. of 
America, found another promising area. Develop- 
ment was begun, and the first shipment of run-of- 
mine salts was made on February 20, 1934. The 
Potash Co. of America obtained a patent on its 
flotation method for the separation of sylvite and 
halite and constructed a plant. 

Foreign producers of potash, realizing the effect 
of these competing sources for the American mar- 
ket and knowing the high freight rate from Carls- 
bad to eastern markets as compared with ocean 
freight rates from Europe, cut prices in the hope of 
regaining American markets. To permit the Ameri- 
can producers to become established on a firm finan- 
cial basis to compete with foreign producers and to 
assure a domestic supply of potash particularly dur- 
ing emergencies, the Secretary of the Interior sus- 
pended the issuance of prospecting permits for 
about 10 years, from 1934 to 1945. During this 
period, a third group of permittees, who had ob- 
tained permits prior to the suspension order, found 
a commercial orebody that was developed by what 
is now the International Minerals & Chemical Corp. 
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Duval Sulphur & Potash Co. and Southwest Pot- 
ash Co. also have begun commercial operations. 


Summary 

In 1920 the production and sales of potash in the 
United States by the 66 plants reporting in terms 
of K.O were 41,444 tons valued at $7,463,026 and 
imports for fertilizer use were 197,795 tons valued 
at $33,885,627, making a total of 239,239 tons val- 
ued at $41,348,653. In 1950 the production and sales 
were 1,275,494 tons valued at $39,695,038 and im- 
ports were 192,884 tons valued at $11,771,958, mak- 
ing a total of 1,468,378 tons valued at $51,466,996. 
The difference in value per ton between domestic 
production and imports is due largely to the point 
of valuation for domestic production being the plant 
and for imports the eastern ports of the United 
States. The delivery of 114,279 tons to Illinois for 
agriculture exceeded that to any other state. 

According to the Geological Survey’s records as 
of June 30, 1952, 1306 potash prospecting permits 
have been issued in 13 states and 52 potash leases in 
3 states. On that date, there were in effect 174 pros- 
pecting permits in 5 states and 33 leases in 2 states. 

Royalties and rentals payable during the fiscal 
year 1952 under the provisions of the Potash Leas- 
ing Act amounted to $2,016,575. 

In carrying out recommendations made in the 
early hearings on the mineral leasing acts, Congress 
provided that 37% pct of all moneys received for 
bonuses, rentals, and royalties be paid to the re- 
spective states in which the leases were located to 
be used for public schools and roads, and that 52% 
pet be paid into the General Reclamation Fund. 
The United States Treasury retains only 10 pct. 

Only a small portion of the 3000 square miles in 
southeastern New Mexico in which potash has been 
found in oil-well cuttings has been prospected by 
core drilling. 

Potash had been found in a large area of the 
Paradox Basin in southeastern Utah and southwest- 
ern Colorado." 

It is not known whether the potash deposits found 
in Saskatchewan, Canada, extend into Montana and 
North Dakota. Examination of well cuttings and 
brines and radioactive logging of the wells drilled 
for oil and gas in those states may reveal this. 

It is not anticipated that production from the 
brines of Searles Lake in California or western Utah 
will be greatly increased. 

The outlook for the future indicates that produc- 
tion in the United States in 1955 will be double that 
of 1950, the last year for which complete informa- 
tion is available. About 90 pct of the present pro- 
duction comes from New Mexico and about 10 pct 
from other states. Potential reserves of soluble 
potash salts appear adequate for many years to come. 
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Portland Welcomes AIME ponent Meeting 


Oregon’s famed hospitality and 
scenery will leaven a full three-day 
program of technical sessions and 
divisional luncheons April 29 through 
May 1. The Multnomah Hotel will 
be the scene of activities for the 
annual AIME Pacific Northwest 
Metals and Minerals Conference, Bim 
sponsored this year by the Oregon Hm 
Local Section. 

Frank Cappa, General Chairman, 
advises that the technical program 
is nearly complete and that social 
activities are being arranged which 
will make the conference a memora- 
ble, as well as instructive, occasion. 


Majestic Mt. Hood rises beyond Portland, Ore., gateway to the Columbia Empire 


Program 
1954 AIME Northwest Metals and Minerals Annual Conference 


MULTNOMAH HOTEL—PORTLAND, ORE. 
April 29 to May 1 


THURSDAY, APRIL 29 


Registration, Multnomah Hotel 
Informal Luncheon Groups 


Plant Tours: (Ladies Invited) 
Carborundum 
Alcoa Rod & Wire Mill 
MINERALS INDUSTRIES EDUCATION 
7:30 pm Chairman: Ira S. Allison, Professor, Oregon State College 


Open forum discussion with industry representatives 
and educators participating. 


9:00 am to 5:00 pm 
Noon 


FRIDAY, APRIL 30 


9:15 am Oregonian Hostess House TV Party for Ladies 


EXTRACTIVE METALLURGY 


Co-Chairmen: Harold E. Lee and Donald Ing- 
volstad, Bunker Hill Smelter, Kellogg, Idaho 


Refining of Indium by Amalgam Metallurgy: Dr. F. A. 
Hames, Head, Dept. of Metallurgy, Montana School 
of Mines 


9:00 am to 12m 


The Use of X-Ray Fluorescence for Tungsten Analysis: 
R. I. Smith, Assistant Professor of Metallurgy, Mon- 
tana School of Mines 

Chemical Treatment of Uranium Ores: F. A. Forward 
and J. Halpern, Professor and Assistant Professor of 
Metallurgy, University of British Columbia 

X-Ray Diffraction Studies of Highly Radioactive Mate- 
rials: William V. Cummings, Metallurgical Unit, En- 
gineering Dept., General Electric Co. 

A Reaction Rate Study of the Solution of Cuprite in 
Sulphuric Acid: Dr. Milton E. Wadsworth and Dorab 
Wadia, University of Idaho 


GEOLOGY 


9:00amto12m Chairman: Lewis E. Scott, Chief Geologist, Oregon 
State Highway Dept. 

Permeability Studies in Basalt at the Dalles Dam: S. C. 
Sargent, Geologist, U. S. Army Engineers, Portland 

Methods of Shallow Depth Geophysical Exploration: 
W. S. Bartholomew and Boyd O. Bush, Geologists, 
Oregon State Highway Dept., Salem 

Engineering Geology of the Chief Joseph Dam, Colum- 
bia River, Washington: Allen S. Carey, Chief, Foun- 
dations, Materials, and Geology Branch, U. S. Army 
Engineers, Seattle 

Engineering Geology of the Portland Area Quadrangles 
—<a Progress Report: Donald E. Trimble, Geologist, 
Engineering Geology Branch, U. S. Geological Sur- 
vey, Denver 
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Dip and Strike From Three Not Parallel Drill Cores 
Lacking Key Beds (Stereographic Method): Joseph 
W. Mills, Assistant Professor, Dept. of Geology, 
Washington State College, Pullman 


METALS BRANCH LUNCHEON 


1200mtol:4S5pm Speaker: Dr. Wm. A. Pearl, Bonneville Power 
Administration. Toastmaster: E. R. Marble, 
Manager, Tacoma Smelter, American Smelt- 
ing & Refining Co. 

Visit to Jantzen Knitting Mills and Style 
Show for Ladies 


IRON AND STEEL 


2:00 pm to 5:00 pm Chairman: G. R. Heffernan, Western Canada 
Steel Ltd. 


Iron Ores in the Pacific Northwest, Including British 
Columbia: Dr. J. F. Walker, Deputy Minister of Mines, 
Dept. of Mines, Victoria, B. C., and W. R. Bacon, 
Associate Geologist, Dept. of Mines 

Coal and Coke in the Pacific Northwest, Including 
British Columbia: Dr. H. F. Yancey, U. S. Bureau of 
Mines, University of Washington, Seattle 

Power, Natural Gas and Fuel Oil in the Pacific North- 
west, Including British Columbia: Ivan Bloch, Indus- 
trial Consultant, and K. E. Hamblen, Portland, Ore. 

Processes: Professor W. M. Armstrong, University of 
British Columbia, Vancouver, B. C. 


INDUSTRIAL MINERALS 
2:00 pm to 5:00 pm Moderator: Arthur M. Piper, Staff Scientist, 
U. S. Geological Survey 
A Symposium: Groundwater. 
Panel: 


H. A. Swenson, District Chemist, Quality of Water 
Branch, U. S. Geological Survey: Quality and Char- 
acter of Northwest Waters 


1:45 pm 


TY-ELECTRIC HEATED 


TY-ROCK SCREEN 


“for efficient screening of damp materials” 


INCREASE 
PRODUCTION 


ef your demp 
screening prob- 
lems se our Engi- 
neering Depart- 
ment can make 
recommendations. 


HE W. S. TYLER COMPANY © 


Canedian Plant — St. Catharines. Ontario, Canada 


CLEVELAND 11, OHIO. 
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R. C. Newcomb, District Geologist, Groundwater 
Branch, U. S. Geological Survey: Summary of 
Groundwater Provinces in the Northwest and Their 
Water Yielding Potentials 
John Robinson, Robinson & Roberts, Tacoma, Wash.: 
Special Problems Encountered in Developing Ground- 
water for Industrial Minerals Uses 
7:00 pm Cocktail Hour 
AIME BANQUET (INFORMAL) 


Speaker: Felix E. Wormser, Assistant Secretary, 
Dept. of the Interior. Toastmaster: Thomas J. 
Waters, Manager, Pacific Carbide & Alloys Co., 
Portiand, Ore. 


SATURDAY, MAY | 


10:30 am Tour of KPTV Studios and “Toymaker” Pro- 


gram for Ladies 

INDUSTRIAL MINERALS 
Co-Chairmen: Thomas M. Robins, President, 
Raw Materials Survey, Portland, and George H. 
Waterman, President, Manufacturers Minerals 
Co., Seattle 

Production and Marketing of Agricultural Limestone 
in the Pacific Northwest: Thomas J. Waters, Manager, 
Pacific Carbide & Alloys Co., Portland, Ore. 

Moving Industrial Minerals to Market: John M. Poor- 
man, Vice President, Kenneth Poorman Co., Port- 
land, Ore. 

Clay and Its Application to the Pacific Northwest: 
Gordon Adderson, Seattle 

Amenability Tests on Manganese Ores: William A. 
Stickney, Acting Head, Mineral Dressing Section, 
Northwest Electrometallurgical Development Lab- 
oratory, U. S. Bureau of Mines, Albany, Ore, 

Flotation of Del Monte Sands: William E. Messner 


EXTRACTIVE METALLURGY 


9:00am Co-Chairmen: Harold E. Lee and Donald Ingvoldstad, 
Bunker Hill Smelter, Kellogg, Idaho 

Modern Trends in Extractive Metallurgy: S. F. Ravitz, 
Professor of Metallurgy, University of California 

Bunker Hill—Bailey Meter Density Recorder and Con- 
troller: A. F. Kroll, Assistant Superintendent of Con- 
centration, Bunker Hill Mining & Concentrating Co. 

Symposium: Filter Media for Industrial Gas: Mod- 
erator: A. L. Labbe, American Smelting & Refining 


INDUSTRIAL MINERALS LUNCHEON 


12:00 m Speaker: Robert C. Stephenson, Chairman, AIME Indus- 
trial Minerals Diy. Toastmaster: F. W. Libbey, Director, 
Oregon State Dept. of Geology and Mineral Resources 


INDUSTRIAL MINERALS 
2:00 pm to 2:30 pm Film: Cement, Stone of the Ages, Permanente 
Cement Co. 
2:30 pm to 5:00 pm Chairmen: Harry W. Marsh, Secretary, Idaho 
Mining Assn., Boise, Idaho, and Dr. Vernon 
E. Scheid, Dean, Mackay School of Mines, 
University of Nevada, Reno 

Exploration and Mining of Phosphate Ore Near Soda 
Springs, Idaho: G. Donald Emigh, Director of Mining, 
Inorganic Chemical Div., Monsanto Chemical Co., 
St. Louis 

Diatomite Operation at Terrebonne, Oregon: D. F. 
Dyrsmid, Chief Engineer, Dicalite & Perlite Div., 
Great Lakes Corp., Walteria, Calif. 

Trends in Industrial Mineral Development in Idaho: 
James McDivitt, Professor of Geology, University of 
Idaho 

Kyanite Resources of the Pacific Northwest: Donald L. 
Masson, Chairman, Dept. of Mining, Washington State 
College, Pullman, Wash. 


(A complete program of the papers on Physical Met- 
allurgy will be found in the April issue of Journal of 
Metals. ) 


9:00 am to 12m 
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CIM Annual Meeting Slated For Montreal April 26 to 28 


The Montreal Branch of the Cana- 
dian Institute of Mining and Metal- 
lurgy will play host to the CIM 1954 
Annual General Meeting, April 26 to 
28, at the Sheraton-Mt. Royal Hotel. 
Other accommodations will be avail- 
able at the Windsor and Laurentien 
hotels. Registration facilities will be 
ready Sunday afternoon, April 25. 

The meeting will be followed by 
the joint sessions of the retiring and 
incoming Counciis on April 29. There 
will also be two conducted tours. 
Tours will include the Montreal East 
plant of Canadian Copper Refiners 
Ltd. or a full day at the mine and 
plants of Canadian Refractories Ltd. 
at Kilmar and Marelan, P. Q. The 
latter tour is restricted to 60 persons 
who will be guests of the company 
at lunch. 


Tentative Technical Program 
(As of February Ist) 


At the inaugural General Session, 
Monday, a group will present papers 
in symposium form on increasing 
stature, scope, and importance of 
Canada’s mineral industry. The sym- 
posium will continue at the Institute 
luncheon and concluding General 
Session Wednesday, when an address 
on Canadian uranium will be de- 
livered. At the Wednesday session 
A. E. Flynn will deliver the presi- 
dential address. 


Institute business to be presented 
in General Sessions will include the 
Report of the Council for 1953, elec- 
tion of Auditors, and discussion of a 
proposal to amend bylaws. 

Divisional Sessions 

Petroleum and Natural Gas Div., 
and Geology Div. will hold a joint 
session Tuesday afternoon. 

Metal Mining and Coal Divisions; 
and Physical Metallurgy Section, 
Metallurgy Div., will hold a joint 
session covering drill steel, drilling, 
and underground illumination. 

Coal Div. and Mineral Dressing 
Section, Metallurgy Div., joint meet- 
ing will have papers on crushing and 
grinding calculations, briquetting, 
and materials handling. The Coal 
Div. will hold a round table discus- 
sion Tuesday on problems relating 
to ground stresses. 

The Geology Div., in a Tuesday 
meeting will have papers dealing 
with Mexico, the Labrador trough, 
and the Saskatchewan uranium de- 
posits. Geology will have a second 
session Wednesday dealing with 
geology, geophysics, and geochem- 
istry in New Brunswick; surface sul- 
phur deposits; Newfoundland geol- 
ogy; and rock alteration in the 
Noranda district. 

Industrial Minerals Div. sessions on 
Tuesday and Wednesday will cover 


beneficiation and flotation of non- 
metallics, differential thermal analy- 
sis, freezing for shaft sinking, Black 
Donald graphite, and efflorescence 
in brick and mortar. 


Physical Metallurgy and Iron & 
Steel Sections, Metallurgy Div., will 
hold a symposium Tuesday on tech- 
nical developments in the manufac- 
ture of steel. Wednesday morning 
session will include strain-aging and 
yield point elongation in low carbon 
steels, and other papers. 


Mineral Dressing Section, Metal- 
lurgy Div., session Tuesday wiil dis- 
cuss operations at Tulsequah, Que- 
mont, and United Keno Hill. 

Extractive Metallurgy and Mineral 
Dressing Section, Metallurgy Div., 
sessions will be held Tuesday after- 
noon. Papers on the Flin Flon smelter 
and fuming plant, refining bismuth 
by distillation and chlorination, and 
precipitation of gold in the presence 
of nickel will be heard. 

Metal Mining Div. sessions are 
planned around papers dealing with 
recent developments in rope testing, 
use of sands and slimes as backfill, 
mining methods, and the under- 
ground crushing plant and ore pass 
conveyor system at Salmo. Wednes- 
day will feature a review of recent 
mineral discoveries, Snow Lake mine 
operations, and use of friction hoists. 
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Attendance records w 


ere smashed throughout the 1954 Annual Meeting. The Annual Banquet drew some 1800 persons 


for an- 


other all-time meeting high. Once again, through the medium of Institute honors and awards presented at the Banquet, the 
AIME gave recognition to achievement in the mining and metallurgical fields. 


NEW YORK 
ANNUAL MEETING 


NE of the brightest chapters in 


Annual Meeting history was 
written in New York City last Feb- 
ruary 15 to 18 when more than 3600 
persons registered at the Hotels 
Statler and McAlpin for the largest 
gathering in AIME annals. 

Some 400 papers were presented at 
more than 80 sessions. Time and time 
again meeting rooms were crowded 
to the point where standees outside 
the door strained to catch the speak- 
ers words. Discussions were lively, 
with ideas, comments, and elabora- 
tions flowing in an almost endless 
stream after every presentation. 

One registrant, standing on the 
mezzanine of the Statler and viewing 
the scene around him Thursday after- 
noon commented: “It doesn’t seem 
that anyone realizes the meeting is 
about over. They’re still going strong, 
and it looks like they don’t have any 
intention of stopping.” 
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From appearances, it seemed that 
the man was right. One meeting of 
about 150 didn’t break up until 5 pm 
of the last day, and another went 
until 4 pm. Members made no gigan- 
tic rush to the check out desks, and 
many were still around talking about 
the meeting, the papers presented, 
and plans for next year long after 
they normally do. As for the papers 
presented, there was a lot to talk 
about-—enough to fill a year’s discus- 
sion until the next Annual Meeting. 

A quick rundown of registration 
lists disclosed that people from all 
over the U. S. and the world were 
sitting in on the technical sessions. 
The Annual Banquet held at the 
Waldorf Astoria saw some 1800 per- 
sons attending. Leo F. Reinartz, 1954 
President of the AIME, officially took 
over the duties of office at the affair. 

The whole tenor of the meeting 
seemed to be that there just wasn’t 


time enough to attend all the sessions, 
social functions, and business meet- 
ings that one would like. Good na- 
tured hustle and bustle pervaded the 
atmosphere as registrants did their 
best to be at as many places as pos- 
sible during the four brief days of 
the meeting. The general opinion was 
that this Annual Meeting was one of 
the finest showcases for mining and 
metallurgy ever assembled. 

New York ccnperated to the extent 
of providing some of the balmiest 
February weather in years. Tempera- 
tures ranged up around 50° or bet- 
ter during the day and evenings were 
far from uncomfortable for that time 
of the year. Registrants were also at- 
tracted to what many consider to be 
one of the best New York theatrical 
seasons in many years. 

Attendance at the Welcoming 
Luncheon was in keeping with the 
record-breaking registration. Andrew 


Fletcher, speaking at the luncheon, 
told the audience that he regretted 
the quick passing of his year in office. 
He enjoyed the task and the accom- 
panying responsibilities, he said, and 
the satisfaction that comes with do- 
ing a job one likes. Desmond F. Kidd, 
consulting geologist and Past Presi- 
dent of the Canadian Institute of Min- 
ing and Metallurgy, also spoke brief- 
ly. He extended greetings from the 
Canadian sister society. 

Featured speaker of the Welcom- 
ing Luncheon was Grayson Kirk, 
president of Columbia University. It 
may be recalled that another Colum- 
bia president, Dwight D. Eisenhower, 
addressed an Annual Meeting Wel- 
coming Luncheon 4 years ago. Mr. 
Kirk, in his address, said that never 
before in history has there been such 
an attack on the freedom of man as 
that by the Soviet Union. In citing 
Columbia’s attempts to broaden the 
scope of its engineering program, Mr. 
Kirk noted that the needs of the 
times cannot be met by men with 
narrow professional training. Refer- 
ring to Columbia’s current bicenten- 
nial celebration, Mr. Kirk said the 
feeling developed at Columbia that 
the time had come for the world to 
move away from a defense of intel- 
lectual freedom in favor of an offense. 

Cocktails at six attracted another 
huge gathering, as registrants con- 
verged on the Sky Top and Penn Top 
of the Hotel Statler. Sponsored by 
contributions from several com- 
panies, the cocktail party proved to 
be its usual place for sudden meet- 
ings with old friends, pretechnical 
meeting discussions, plan making, 
and just socializing. It lasted well 
past the 7:30 pm deadline. 

The dinner-smoker which followed 
was acclaimed the best in the series. 
The Latin Quarter show, which fol- 
lowed the dinner was rated by those 
who attended as outstanding. 


Some 1400 persons attended the Welcoming Luncheon in the Ballroom 


3 


of the Hotel 


Statler. Grayson Kirk, president of Columbia University, presented the feature address. 
Mr. Kirk described the background of Columbia's Bicentennial Celebration. 


To the wail of bagpipes and a 
pretty lassie doing a highland fling, 
the members of the Minerals Bene- 
ficiation Div. Tuesday morning once 
again sat down to their annual Scotch 
Breakfast. Bedecked in Glengarry 
hats, members of the division and 
guests dined on the offerings of hon- 
orary chefs who blended liquid high- 
land magic into each dish served. 

Mining, Geology, and Geophysics 
Div. presented its first Daniel C. 
Jackling Award to Reno H. Sales at 
its Tuesday luncheon. The award 
was presented by Fred Searls, Jr., 
who traced Mr. Sales contributions 
to the science of mining geology and 
the part he played in bringing to it 
scientific organization. Andrew Flet- 
cher spoke to the group on the mean- 
ing of the Institute to the individual. 

At the Coal Div. Luncheon, Ralph 
E. Kirk, outgoing chairman, pre- 
sented A. E. Flynn, President of the 
Canadian Institute of Mining & 


h Banquet, inaugurated in 1953, proved 


the highlights of the 


dressing the group, 


Annual Meeting. 
that 


Metallurgy with a desk set made 
largely from a piece of coal. 

Tuesday evening, at the Metals 
Branch Dinner, H. A. Sujan, com- 
mercial counselor, Indian Embassy, 
Washington, D. C., presented a brief 
account of his country’s economic 
and political progress. Mr. Sujan also 
discussed the mineral position and 
potential of India. He noted that 
India is progressing steadily in its de- 
velopment of a metals and minerals 
industry. H. DeWitt Smith, Presi- 
dent-Elect for 1955 also spoke at the 
Metals Branch Dinner. He discussed 
new mining developments overseas. 
R. R. McNaughton, Chairman, Metals 
Branch Council, acted as toastmaster 
for the evening. 

Following the round of branch din- 
ners, the evening was given over to 
the Informal Dance held at the Stat- 
ler. The music was good and the eve- 
ning had that quality of never grow- 
ing too late. Dancing continued be- 
yond the 1:00 am goodnight time. 
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The Mining sat 
to be one of & 
street. He asserted that the average voter must be sold on 
the importance of the industry. 


Eugene P. Pfleider, 1953 Chairman of the MGGD, introduces 
Fred Searls, Jr., during ceremonies honoring Reno H. Sales at 
the division's luncheon. Mr. Sales was the winner of the first 
Daniel C. Jackling Award. 


Speaking on the engineering pro- 
fession in general at the Mineral In- 
dustry Education Luncheon, Wednes- 
day, Dean Eric Walker of Pennsyl- 
vania State University, said that in 
his opinion teachers of engineering 
were scrutinizing their curriculum 
more thoroughly than any other aca- 
demic group. 

The Industrial Minerals Div. 
luncheon, with H. N. Bannerman 
presiding, presented R. C. Stephen- 
son, incoming chairman of the divi- 
sion. Leo Reinartz and H. DeWitt 
Smith were among those at the head 
table. 

Gordon Dean, former chairman of 
the Atomic Energy Commission, told 
the luncheon of the Mining and Met- 
allurgical Society of America that 
the uranium mining industry should 
have the same depletion allowance 
as that of the petroleum industry. 
He also said the government should 
declare a 3-year moratorium on 
income taxes for domestic uranium 
mining ventures.’ Mr. Dean noted 
that “75 pct of all the dollars ex- 
pended ‘for plant and equipment in 
the atomic energy program has gone 
to the construction and operation of 
fissionable material factories.” 

Desmond F., Kidd, speaking at the 
Mining Branch Dinner, warned the 
mining industry that it needed 
friends—not the investor, nor the 
residents of mining communities— 


but the millions of others to whom: 


mining is just a word. Mining has 
a big public relations job to do, ac- 
cording to Mr. Kidd, if it,does not 
wish to find itself in a state of 


stranqulation brought about by re- ° 
strictive measures arising from pub-, 
lic ignorance of the true state of the — 


industry. LeRoy Scharon, outgoing 
Chairman of the Mining Branch 
Council, presided. 
Andrew Fletcher, 
President, presented Institute awards 
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‘round table discussion was 


1953 AIME 


Following a speech in which Mr. Searls traced the career of 
Reno Sales and his contributions to the field of Geology, he 
presented Mr. Sales with the Jackling Medal and Award. Mr. 


Sales approaches the dias amid an ovation. 


and medals at the Annual Banquet 
held at the Waldorf-Astoria. This was 
a banner year for the AIME in re- 
spect to awards, with every AIME 
honor presented. In addition, Mr. 
Fletcher called off the names of new 
Legion of Honor members who were 
able to attend this year. Mr. Fletcher 
again noted his great enjoyment of 
the duties of his year of office. 

Leo F. Reinartz, taking over offi- 
cially as AIME President, recounted 
Institute progress and touched on 
what might be expected in the future. 
Mr. Reinartz stressed the importance 
of the financial position of the AIME 
in his address. He also highlighted 
the importance of the Local Sections 
and the roll of the AIME in further- 
ing the work of individual sections. 
Following the Banquet, AIME mem- 
bers greeted Mr. Reinartz at the 
President’s Reception. The Formal 
Dance followed the Banquet. 

More than 500 members and guests 
registered for the Woman’s Auxiliary. 
The Welcoming Reception, courtesy 
of Mrs. H. A. Prosser and the New 


* York Section, WAAIME, Mrs. John 


P. Dyer, Chairman, was held Monday 
from 9 am to 12 m. The Annual Meet- 
ing of the WAAIME took place in the 
Palm Room of the Waldorf-Astoria, 


. with luncheon on the Starlight Roof. 


A fashion show followed lunch. The 
held 
Wednesday morning and afternoon. 
Tickets and information on theatr, 
TV, and other amuséments were 
available tothe ladies at the regis- 
tration desk at the Statler. 

Officers of the WAAIME for 1954 
are: Mrs. Felix E. Wormser, Presi- 
dent; Mrs. Francis Cameron, Ist 
Vice-President; Mrs. Lyman H. Hart, 
2nd* Vice-President; Mrs. David E. 
Park, 3rd Vice-President; Mrs. Har- 
old O. Bosworth, 4th Vice-President; 
Mrs. J. B. Haffner, 5th Vice-Presi- 
dent; Mrs. W. McG. Peirce, Record- 


ing Secretary; Mrs. Arnold H. Miller, 
Assistant Recording Secretary; Mrs. 
Theodore Nagel, Corresponding Sec- 
retary; Mrs. Robert W. Rowen, Treas- 
urer; Mrs. Samuel H. Dolbear, Assist- 
ant Treasurer; Mrs. H. A. Kursell, 
Assistant Treasurer; and Mrs. J. P. 
Dyer, Mrs. S. H. Levison, Mrs. H. A. 
Prosser, and Mrs. H. W. Hardinge, 
Chairman, Nominating Committee. 

Hosts and sponsors for the Annual 
Meeting of the AIME were the mem- 
bers of the New York Section. Mem- 
bers of the General Committee were: 
Robert Ramsey, Chairman; G. 
Howard LeFevre, Vice-Chairman; 
Alvin W. Knoerr, Secretary; and 
James S. Vanick, Treasurer. 

Minerals Industry Education Div., 
presaging the record turnout for the 
1954 Annual Meeting, held its first 
session at Columbia University’s 
Faculty Club on Sunday. During the 
afternoon papers dealing with the 
theme Characterization of the Min- 
eral Industry Field were presented 
by J. D. Forrester, Rev. James B. 
Macelwane, S. J., John C. Calhoun, 
Jr., and R. Schuhmann, Jr. 

Another afternoon session con- 
cerned itself with Techniques of Lab- 
oratory Instruction in Physical Chem- 
istry. The Metallurgical Curriculum 
session heard R. Schuhmann, Jr. de- 
liver his paper on Integration of 
Metallurgical Engineering Curricula. 
The session was a joint one with the 
Institute of Metals and Mineral In- 
dustry Education Divs. taking part. 
An evening session on mining fol- 
lowed the Welcome Cup and Buffet 
Supper. Papers were presented by 


. J.R. Van Pelt, A. E. Adami, Koehler 


S. Stout, and V. D. Frechette. 
Another Education session took 
place Monday, with MIED and Min- 
erals Beneficiation Div. joining 
forces. 
Minerals Beneficiation Div., meet- 
ing in the Sky Top of the Statler 


| R Sales Receives MGGD’s First 
f 
| 


By the time Mr. Seles reached the speaker's stand, the ova- 
tion had become a standing one, and it was several minutes 
before he could make his acceptance speech. The Jackling 


Award will be an annual presentation. 


Thursday, heard C. Harry Benedict 
tell of some of the outstanding min- 
erals beneficiation achievements in 
the past years and of some of the 
men who made them possible. Mr. 
Benedict was inducted into the order 
of Millmen of Distinction. Also 
inducted into the order were Donald 
W. Scott, outgoing chairman of the 
group, and Edward Crabtree. The 
Mineral Economics Executive Com- 


mittee and Powder Metallurgy Com- 
mittee of the Institute of Metals Div. 
held luncheons on Thursday—Staff. 


Education 


Speaking at the Mineral Industry 
Education Div. session Monday, 
M. L. Mace, Harvard University 
Graduate School of Business Ad- 
ministration professor, discussed 
methods used to train men in busi- 
ness procedures during a special 
12% week intensive course at Cam- 
bridge. According to Mr. Mace, in 
this particular class situation, the 
professor is more the moderator 
than teacher. Groups consist of busi- 
ness executives with varying de- 
grees of corporate responsibility, 
representing many areas. 

C. E. Reistle, Jr., Humble Oil Co. 
traced the development of his firm’s 
use of the program and the bene- 
ficial results achieved. Personality, 
adaptability, and job performance 
were improved. Edward Walther, 
Management Associates, presented 
the thesis that a technical man who 
shifts to administrative work is us- 
ually on shaky ground. It can lead 
to personal frustrations, Mr. Walther 
said, and ultimate failure. His an- 
swer to the situation is company 
programs conducted by outside ex- 
perts to develop ability. 

A. C. Dorenfeld, University of 
Alabama professor, 
continued narrow engineering train- 


felt that the - 


— 


Mr. Sales told his audience that rather than himself, it was 
the men who served as his assistants who sh 
Later, he delivered the Lecture, Genetic Relations Between 
Granites, 


id be h A 


Porphyries, and Associated Copper Deposits. 


ing program followed by American 
universities has made the kind of 
administrative training mentioned a 
necessity. His solution to the prob- 
lem is to make the engineering stu- 
dent follow a regular liberal arts 
program prior to technical training. 
Approximately 300 persons at- 
tended the session. While no heated 
arguments arose from the group, 
specific questions on papers present- 
ed were asked—A. C. Dorenfeld. 


Cement, Lime, and Gypsum 

Modern kilns, refractories, and 
preheaters for the lime and cement 
industries and a new wet classifica- 
tion method for cement raw mate- 
rials were discussed by four speak- 
ers Monday afternoon at the Ce- 
ment, Lime, and Gypsum Session of 
the Ind. Min. Div., meeting jointly 
with MBD. 

O. G. Lellep, inventor of the Lepol 
kiln, reviewed European high effi- 
ciency kilns, sinter-grate installa- 
tions, shaft kilns, calcinators and 
recent double-pass Lepol kilns, now 
operating with a heat consumption 


of only 580,000 to 630,000 Btu per ~ 


bbl of cement. During the ensuing 
debate, O. M. Wicken discussed the 
circulating load of under-burned 
clinker in the Lurgi sinter machine 
and the effect on alkali volatiliza- 
tion. R. A. Kinzie presented up-to- 
date experiences with the Lepol 
installations of Santa Cruz Portland 
Cement Co., and reported that cal- 
cium chloride used to increase al- 
kali volatilization caused no bad 
effects on the traveling grate. 

W. C. Burke described new de- 
velopments in the field of insulating 
refractories and ceramic lifters and 
crosses for increased heat economy 
in rotary kilns. L. Tschirky, C. D. 
Rugen, and P. P. Clark discussed 
firebrick installation, metal separat- 
ing plates, grouting, and smearing. 


G. K. Englehart gave the first 
American report on the new suspen- 
sion preheater recently installed by 
Allentown Portland Cement Co. This 
installation increased the capacity 
of a 7x125-ft kiln from 860 to 1500 
bbl per day, with a fuel reduction 
from 1.1 million to between 650,000 
and 700,000 Btu per bbl. The dis- 
cussion in which G. A. Gaffney, C. D. 
Rugen, and J. A. Kivert took part 
covered capital cost vs fuel sav- 
ing. The author predicted that this 
suspension preheater would not 
only improve production and fuel 
economy for existing short rotary 
kilns, but might also be the most 
economical for new installations. 

C. C. Van Zandt presented recent 
test results with DorrClones for 
closed circuit grinding of cemént 
raw slurry at Lone Star Cement 
Corp.'s plant at Norfolk. He also de- 
scribed mechanical improvements 
and presented figures for increased 
capacity and grinding economy. 

Will Mitchell was Co-Chairman of 
the meeting—C. F. Clausen. 


Geology 

Understated, the joint meeting of 
the Geology Subdivision and the So- 
ciety of Economic Geologists was 
crowded. Standing room was non- 
existent by the time the meeting 
started, and the door of the Hotel 
Statler’: Washington Room opened 
constantly as disappointed people 
sought to discover enough floor 
space to squeeze in. The two papers 
which stirred the most reaction were 
The Occurrence of Mineral Deposits 
in the Pegmatites of the Karibib- 
Omaruru and Orange River Areas of 
South West Africa, by E. N. Cam- 
eron; and Preliminary Report on 
Replacement and Rock Alteration in 
the Soudan Iron Ore Deposit, Minn., 
by G. M. Schwartz and Ian Reid. 
Lateritic Nickel-Cobalt Deposits at 


APRIL 1954, MINING ENGINEERING—431 


— — - 
Daniel C. Jackli Lect Award 
| aniel C. Jackling Lecture ar 


President Leo F. Reinartz and Robert C. Stephenson, 1954 Ind. Min. Div. Chairman, 


chat during the division's luncheon held at the Statler. On the left is Frank Dickey, 
of Nova Scotia. Harold Bannerman and H. DeWitt Smith are on the right. 


Moa, Oriente, Cuba, by Richard V. 
Colligan, evoked questions on the 
operating character of the develop- 
ment. Another paper presented was 
Hydrothermal Alteration at the Cli- 
max Molybdenite Deposit, Colorado, 
by J. W. Vanderwilt and Robert U. 


King—J. K. Gustafson. 
Industrial Minerals 


The Ind. Min. Div Fluorspar sym- 
posium consisted of five papers de- 
scribing the present and probable 
future requirements for fluorspar in 
the U. S., the geology of U. S. depos- 
its, and the available supplies and 
probable reserves in the U.S., Mex- 


ico, and Europe. Despite being one 
of the opening sessions, attendance 
was in excess of 100. 

It was predicted that fluorspar re- 
quirements in the U. S. will rise 
toward the million-ton mark in the 
next decade or two, more or less in 
accordance with the pattern of in- 
creased fluorspar consumption es- 
tablished during and since World 
War II. To meet these requirements, 
the U. S. probably will continue to 
rely on domestic sources for around 
300,000 tons per year, the balance to 
be derived from foreign deposits in 
Mexico, Newfoundland, and Europe. 
Although there has been a large 
production in the U. S. for many 
years, it is believed that there are 
still large reserves in the Illinois- 
Kentucky district as well as in sev- 
eral of the western states. The de- 
posits in Mexico have been of in- 
creasing importance in recent years, 
and are now the source of at least 
half of our imports. It is likely that 
additional deposits will be found 
there. Newfoundland continues to 
be a major supplier and reserves are 
considered adequate for many years 
production at the current rate. In 
Europe, the deposits in Spain, Ger- 
many, and Italy are important 
sources of fluorspar for the U. S., 
and ore reserves are substan 
Hence, the overall picture appears 
te be one of growing usage of 
fluorspar in the U. S., supported in 
part by domestic production and in 
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increasingly larger proportions by 
imports—R. M. Grogan. 

Interest in dimension stone reached 
an exceptional high with the closed 
forum meeting of the Dimension 
Stone and Slate Committee. The 
session was attended by 11 persons, 
nine of whom are the presidents or 
operating vice presidents of major 
producers of granite, limestone, and 
marble. The forum, which was 
originally scheduled for 9:45 am to 
12 m, reconvened after the Welcom- 
ing Luncheon and continued in ses- 
sion until 3:40 pm. 

Chief value of the forum resulted 
from the candid, vigorous discus- 
sion of problems and the various 
solutions attempted by the produc- 
ers of different types of stone. The 
following topics were presented by 
committee members and exhaustive- 
ly discussed: Percentage depletion; 
Transportation of all types of dimen- 
sion stone; Feasibility of establish- 
ing standard sizes for all dimension 
stone and the use of metal skins 


Ralph E. Kirk, right, 1953 Chairman of the Coal Div., presents a desk set to A. E. Flynn, 


and other facing materials as a sub- 
stitute for dimension stone; Imports 
of foreign granites and marbles; 
Standard specifications for all kinds 
of dimension stone; Jet drilling in 
granite; Tungsten carbide drills and 
other special cutting tools; Wire 
sawing; and Condensation and back- 
ing on veneers—C. F. Deiss. 


Coal 


The entire Monday afternoon Coal 
Div. session was devoted to coal 
preparation papers. G. A. Vissac, 
Canadian consulting engineer backed 
up his paper, Theory and Practice 
of the Modern Feldspar Jig with ap- 
propriate mathematical data. It was 
claimed that this type of jig has 
greater capacity and operates more 
efficiently than coal tables. J. D. 
Price and W. M. Bertholf authored 
the paper Improvements in Plant 
and Operations. The paper described 
Colorado Fuel & Iron’s remodeling 
of its Pueblo washery. The firm dis- 
carded tables and installed Baum 
jigs for cleaning 2x0-in. coal. Mr. 
Bertholf, who presented the paper, 
evoked several favorable comments 
from his audience on the method 
outlined. 

H. R. Stelzriede gave a detailed 
description of coal preparation at 
Chicago, Wilmington & Franklin 
Coal Co.’s Orient No. 3 mine. He 
described dedusting, use of air 
tables for fine coal cleaning, and 
Baum jigs for coarse coal cleaning. 

Coal Div. met jointly with the 
Canadian Institute of Mining and 
Metallurgy. Ralph E. Kirk, 1953 
Chairman of the AIME Coal Div., 
welcomed the Canadian visitors and 
Wilbur Uren, chairman of the Do- 
minion Coal Board responded, 
thanking the AIME hosts in behalf 
of the CIM. Mr. Uren also paid 
tribute to the late L. E. Young. 


President of the Canadian Institute of Mining & Metallurgy. Andrew Fletcher received 
an identical gift from the division. The desk set, shown in inset, is made largely from 


a solid chunk of coal. 


2 
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Mr. Uren introduced Frank Doxey’s 
paper on Longwall Mining with 
Special Reference to Nova Scotia. 
L. Turnbull of the U. S. Bureau of 
Mines contributed to the discussion 
by referring to U. S. experiments 
with European type machines. 

R. E. Gilmore, Fuels Div. Mines 
Branch, Ottawa, as co-chairman, in- 
troduced J. Visman’s paper on 
Evaluation of the Performance of a 
Cleaning Unit, Tuesday morning. 
After discussing evaluation charac- 
teristics, including use of the “error 
curve,” the author proposed a modi- 
fied method of “normalized ash con- 
tent” as a means for reducing ana- 
lytical work in ash determinations 
of sink-and-float fractions. 

A. Ignatieff, Secretary, Coal Div., 
CIM, presented the paper Productiv- 
ity in Mining Pitching Seams of the 
Canadian Rockies, in the absence of 
author H. Wilton-Clark—A. Ignatieff 
and R. E. Zimmerman. 


MBD Control Session 

The Operating Control session of 
Minerals Beneficiation, held Tuesday, 
drew an unusually large audience 
this year. The paper by S. C. Sun, 
R. E. Snow, and H. M. Fisher on a 
Quick Estimation of Mill Product 
Purity by Transparency Measure- 
ments drew comments concerning 
the limitations of this method. It 
was also noted that there is a definite 
need for a rapid method for opaque 
minerals. While it was noted that 
equipment already exists for both 
methods, costs are prohibitive. 

Inertial Flowmeters for Mass Flow 
Measurement, by W. A. Jones, in- 
troduced something new in the field. 
Meters for mass flow measurement, 
while not perfected for measure- 
ment of moving pulp, promise to re- 
place many of the current types of 
meters. ° 

Factors Affecting the Accuracy of 
Conveyor Scales, by R. O. Bradley 
and R. J. Thome, created much dis- 
cussion. Most of the debate centered 
around the new type strain gauge 
and pneumatic type scales compared 
with the mechanical type—Henry 
Schwellenbach. 


Careers Discussion 

The Tuesday session on Careers in 
Industrial Minerals was well at- 
tended, with H. M. Bannerman and 
Sandford S. Cole presiding. In an 
introductory statement Mr. Banner- 
man outlined the reasons which led 
the Executive Committee to include 
a “Careers” session ir the program. 
These were: realization that many 
interesting and informative data, 
technical and otherwise, encount- 
ered during the search for, develop- 
ment and marketing of new sources 
of mineral raw materials are lost be- 
cause no proper records are kept; 
belief that the field of industrial 
minerals is a peculiarly fertile field 
for studies of this kind, for the 
industrial minerals industries are 
growing rapidly both in national 


An important meeting was the Mining Branch Council session. From left to right, 
seated: C. F. Deiss, E. H. Crabtree, Jr., A. L. Barrett, J. D. Forrester, and E. P. Pfleider; 
standing: R. E. O’Brien, C. M. Cooley, R. T. Gallagher, J. K. Richardson, R. E. Kirk, 


LeRoy Scharon, and R. C. Stephenson. 


importance and in complexity; new 
uses for industrial minerals are con- 
stantly being developed and speci- 
fications are being tightened and 
tolerances narrowed; and the field 
of industrial minerals is not as well 
documented, hence less well under- 
stood and taught than most mineral 
engineering fields. 

Purpose of the session was to 
draw attention to some of the prob- 
lems that are constantly being met 
by those engaged in industrial min- 
erals developments and to point to 
some of the challenging opportuni- 
ties confronting those who seek to 
carve out a career in this field. 

Discussing the background of 
training needed by young men about 
to engage in industrial minerals 
problems, Raymond B. Ladoo drew 
upon personal experience for em- 
phasis. He noted the wide range of 
problems that the operator and con- 
sultant must be prepared to meet. 
He drew attention to the great num- 
ber of specializations that were in- 
volved in the industrial minerals 
industries and stressed the need for 
men “who can see and understand 


the whole picture, but who know 
when to use and how to coordinate 
the work of specialists,” as well as 
for the specialists themselves. 

In a paper on Mining Engineering 
in the Portland Cement Industry, 
F. T. Agthe outlined the varied 
phases of engineering involved in 
the location, establishment, and op- 
eration of cement plants. He showed 
how the plant and its operations are 
integrated, and the way the Port- 
land Cement industry tries to foster 
intergroup effort, to train men and 
to improve the product. 

Presenting the viewpoint of the 
operator concerned with finding, de- 
veloping. and marketing industrial 
minerals for specialistic use, Henry 
Mulryan advocated teaching by case 
histories, thus acquainting beginners 
with the kind of problems that they 
are likely to face. He stressed the 
importance of devising simple meth- 
ods of doing difficult things. 

In a paper on Hydrology as a Ca- 
reer Jack Graham pointed out that 
hydrology had been developed by 
geologists and by physicists and as- 
sociated scientists, but that it had 


The Scotch Breakfast, long an MBD institution at annual meetings, dined on scrambled 
eggs prepared with the secret recipe gained from the Scottish Highlands. Seated at 
the table are from left to right: T. B. Counselman, S. T. Michaelson, C. Harry 
Benedict, Andrew Fletcher, Don Scott, H. DeWitt Smith, E. H. Rose, and E. H. Robie. 
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now reached a stage where there is 
need for specific training in the pro- 
fession of hydrology as a career in 
itself. He pointed to the rapidly in- 
creasing demands for hydrologists 
as prima facie evidence that there 
were opportunities for service and 
great need of research in this field. 

Lively, interesting and informa- 
tive discussion followed each of the 
papers and added materially to the 
value of the session. Those taking 
part included university professors, 
consultants, research directors, and 
managing officials of industrial min- 
erals industries—H. M. Bannerman. 


MBD Sessions 

Two papers on theoretical ques- 
tions and three on operating prob- 
lems were presented at the Tuesday 
Crushing and Grinding session. 
A. M. Gaudin opened the session 
with his paper relating the chemi- 
cal composition of the material 
being ground with its possible 
grindability. The paper by M. W. 
First and R. J. Charles on sub- 
micron sizing suggested a new ap- 
proach to the particular problem 
covered. C, L. Sollenberger pre- 
sented the Allis-Chalmers paper co- 
authored with Will Mitchell, Jr., on 
test work with a 2%x4-ft rod mill. 
The paper covered with variables 
tested—feed rate, pulp density, 
speed, grind, and power. E. J. Klov- 
ers presented a report on spiral 
liners designed to correct ball mill 
segregation. He pointed out that 
these liners tended to increase the 
circulating load in the grinding cir- 
cuit. The last paper presented the 
work of Oscar Johnson in collecting 
the various methods used by differ- 
ent plants to load grinding media 
into the mills—B. S. Crocker. 

So far as is known, the session 
Tuesday afternoon was the first full 
session devoted to fundamentals 
since the inception of MBD. In the 
discussion relating to the activation 
of pyrrhotite by copper ions, a great 
amount of conflicting evidence was 
presented by the three or four 
people joining in the discussion. It 
may be that the anomalous results 
of the investigators can be ac- 
counted for in the different samples 
of pyrrhotite used by them. Perhaps 
serious consideration should be given 
to the establishment of standard re- 
serves or library of specific minerals 
which would be drawn upon for 
scientific investigations, and would 
permit a better correlation of results 
obtained by different investigators. 

Dr. Gutzeit, who presented the 
paper for Maurice Rey of the Uni- 
versity of Paris, not only gave an in- 
teresting presentation but added 
much to the discussion of Dr. Schul- 
man’s paper on flotation theory. 

Mr. C. H. Curtis of Miami Copper 
Co., who is the incoming chairman 
of the Committee, did an excellent 
job of handling the Wednesday 
Operations session. All five papers 
were interesting descriptions of op- 
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erations, and again the spirited dis- 
cussion consumed the full time al- 
lotted this meeting. The paper by 
S. J. McCarroll on the Flotation 
Operations at the Three Kids Man- 
ganese Plant in Nevada describes a 
most unusual flotation operation and 
the principle is being applied exper- 
imentally to various types of ores. 
The plant flotation operation at 
Three Kids consumes an extremely 
unorthodox quantity of flotation re- 
agents ranging from 100 to 200 Ib 
per ton of ore treated. The cheap- 
ness of the reagents used and the 
unusual metallurgical results ef- 
fected are the economic justification 
of this new type of flotation process. 
Another paper on the flotation of tin 
ores described the application of 
the same procedure with lesser 
amounts of reagents to the concen- 
tration of refractory tin ore. Mr. 
McCarroll’s plant was in operation 
at the time that he agreed to write 
the paper, however, shortly after- 
wards the entire flotation plant was 
destroyed by fire. Plant and paper 
were ready by Annual Meeting time. 
R. C. Meaders, presented a paper on 
Bolivian tin practice. After his paper 
had been prepared, political changes 
in Bolivia made it necessary for him 
to revise and eliminate important 
parts of his paper. Finally, on Christ- 
mas Eve his brief case containing 
his paper, his original drafts, and all 
the illustrations was stolen from a 
New York hotel. Despite this, 
Meaders succeeded in delivering an 
interesting paper describing the 
primitive operations by which most 
of Bolivia’s tin is recovered or lost 
in the streams—S. R. Zimmerley. 
The Pyrolysis and Agglomeration 
session Wednesday featured a report 
of a 2-year study of some 19 blast 
furnace sinters by E. H. Kinelski. 


A correlation was drawn between 
the many variables, and a positive 
trend established, indicating that 
both the FeO and slag characteristics 
provide an index to sinter quality. 
The test procedures and data given 
may be quite useful in standardizing 
methods and finalizing opinions in 
this controversial field. E. H. Rose, 
in his paper Sinter is What You Make 
It, described instruments already 
conceived or in study that imple- 
ment the laboratory findings by con- 
tinually recording such variables as 
FeO formation, porosity of bed, 
and moisture content. Howard Keil 
described his trials and triumphs in 
operating the Carlton mill for gold 
ore concentration. The last paper 
concerned the description of a possi- 
ble FluoSolids reactor for iron ore 
beneficiation—W. R. Van Slyke. 

The geophysical discussions on 
Wednesday morning were devoted 
primarily to tying together a variety 
of geophysical subjects. Descriptions 
of geophysical prospecting activities 
in such widely separated areas as 
New Brunswick and Colorado pro- 
vided very illuminating examples of 
integrated geophysical programs. 
The papers dealing with these areas 
showed clearly that the resolving 
power of a geophysical exploration 
program can be tremendously in- 
creased through the employment of 
several geophysical methods on a 
given exploration problem. 

A new technique, for taking elec- 
tro-magnetic measurements in a drill 
hole, was also described, and ex- 
amples were given of how it can be 
used to determine the direction in 
which a sulphide body lies. Proba- 
bly the liveliest discussion was stim- 
ulated by a paper emphasizing the 
desirability of carrying out airborne 
magnetic surveys at comparatively 


Minerals Beneficiation held traditional ceremonies connected with the order of the 
Millmen of Distinction. From left to right, they are: C. Harry Benedict, E. H. 


Crabtree, T. B. Counselman, D. W. Scott, R. 


E. Byler, and G. J. Holt. Mr. Scott (insert), 


is shown receiving official rites admitting him to the order. 
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low levels, in order not to miss im- 
portant details. 
The program ended with a de- 
scription of the work of the National 
Science Foundation in the field of 
earth sciences. This paper gave a 
brief perspective of the Foundation’s 
activities in support of basic re- 
search, in encouraging conferences 
on scientific subjects, and in making 
surveys of important areas of scien- 
} tific efforts, connected with the earth 
sciences—Sherwin F. Kelly. 
The Geology Subdivision, meeting 
jointly with the Society of Economic 
t Geologists Tuesday morning in a 
Rare Minerals—Radioactive Materi- 
als session, heard D. L. Everhart 
deliver a Progress Report on the 
Origin of Uranium Deposits. The 
paper trought forth discussion from 
George W. Bain, L. C. Graton, 
P. F. Kerr, Franc Joubin, and several 
others. Virtually half the available 
time was taken up by speakers from 
the floor and throughout the session 
attention and interest was evident. 
Two papers on uranium deposits 
in Australia—one by N. H. Fisher 
and the other by C. J. Sullivan— 
were presented by Mr. Sullivan in 
the absence of Mr. Fisher. Robert F. 
Griffith in his paper Development of 
Monazite Exploration Technique 
pointed out new methods of ap- 
praisal had to be developed— 
F. Ebbutt. 
In the MGGD session on the por- 
phyry coppers, Wednesday, struc- 


' Mrs. H. DeWitt Smith, left, arid Mrs. 
Felix Wormser, President of the Woman's 

Auxiliary, were among those who spent a 
busy week engaged in WAAIME activities. 


Informal Dance 


One of the largest crowds in the history of the Annual Meeting turned out for the 
Informal Dance. The music was good and it never seemed to get too late. Lucky 
dancers won door prizes. 


WAAIME Activities 


tural localization was the central 
theme. All four formal papers, pre- 
sented respectively by E. N. Penne- 
baker, N. P. Peterson, Kenyon Rich- 
ard and Georges Ordonez, recog- 
nized occurrence of the deposits, 
whether in Nevada, Arizona or New 
Mexico, on northwesterly structures, 
and, with some exceptions, at inter- 
section with northeast faults. Within 
the deposits themselves, shattering 
of the rock is a universal feature 
but as to its cause there were almost 
as many opinions as there were 
participants in the discussion. C. S. 
Anderson saw the fractures, notably 
at Bagdad, as a part of the regional 
pattern; Mr. Peterson reported that 
at Castle Dome the fracturing is 
later than mafic dikes that cut the 
granite, and others alluded to the 
well-defined sets of fissures at Mor- 
enci. On the other hand, L. C. 
Graton felt that the crackled struc- 
ture of many of the deposits, sug- 
gesting three-dimensional tension, 
could best be explained by shrink- 


More than 500 members and guests registered for the Woman's Auxiliary, AIME. The 
meeting was held in the Palm Room of the Waldorf-Astoria. 


age of the intrusive and, finally, 
Eugene Callaghan called upon ex- 
plosive brecciation, Into this differ- 
ence of views, Harrison Schmitt's 
written discussion, read by L. H, 
Hart, injected a plea for more com- 
plete geological information before 
reaching final conclusions, 

In discussing the alteration of the 
porphyries, Anderson almost ut- 
tered the fighting word “granitiza- 
tion” and Paul Kerr stoutly de- 
fended deep hydrothermal aitera- 
tion against the suggestion that all 
the koalinite was formed during 
weathering—H. E. McKinstry. 

The Wednesday Strip Mining ses- 
sion opened with a paper on long 
distance belt conveyor haulage. This 
system developed as costs of other 
methods went above economic limits. 
Costs were especially significant in 
hilly areas where railroad grades of 
2% pct and truck roads of up to 10 
pet are at about the limit of eco- 
nomic elasticity. Belt conveyors can 
be used at grades up to 32 pct. The 
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Mr. and Mrs. Leo F, Reinartz were at the 
cocktail party for those whe sat at the 
head table during the Annual Banquet. 
He expects a busy year as AIME head. 


Shasta Dam system was singled out 
as an example, A 26-flight system, 
9.6 miles long handled more than 
24 million tons at a rate of 1500 tph. 
Two speakers pointed out the sig- 
nificance of the belt system where 
proper conditions for use exist. 

The paper on lignite stripping 
showed that 96 pct of lignite produc- 
tion in the U. S. comes from North 
Dakota because of three factors. 
They are: location, low mining cost 
(strip mining), and no competition 
from oil, gas or higher rank coals. 

Draglines, it was disclosed during 
the session, are being used predom- 
inately because of versatility on 
level terrain and flat seams. All 
large mines in the U. S. and in Sas- 
katchewan are using truck haulage. 
The latter area and North Dakota 
produce 98.5 pct of all the lignite 
mined in North America. 

Bit costs have been reduced by 
using air in blast hole drilling in- 
stead of water in vertical rotary 
drilling. The method has increased 
hole size and permitted larger spac- 
ing of holes. Discussion from the 
floor indicated that greater cost re- 
ductions have been made in blast 
hole drilling than in any other de- 


“SS | 


Herbert Hoover made an appearance at the Annual Meeting to attend the luncheon 
for Past Presidents. Among those who joined him were William E. Wrather, Andrew 
Fletcher, Michael Haider, Scott Turner, J. M. Lovejoy, and L. S. Cates. The luncheon 
was on informal one held in Parlor A of the Hotel Statler. 


partment of strip mining—R. H. 
Swallow. 


Industrial Minerals 


H. M. Woodrooffe opened the 
Wednesday morning session of the 
Special Sands and Abrasives Session 
of Ind. Min. Div., with the paper 
Natural Abrasives, written by T. H. 
Janes. The paper distinguished be- 
tween natural and manufactured 
abrasives and outlined Canada’s re- 
sources and requirements for the 
several materials. Thomas D. Mur- 
phy outlined High-Purity Silica Re- 
sources of Northeastern United 
States. Emery, Its Nature and Oc- 
currence was discussed by Gerald 
M. Friedman, while Crushing, Treat- 
ing, and Sizing Abrasives, was pre- 
sented in paper by H. L. Schultz. 
Roland D. Parks and Herman H. 
Vogel were associate chairmen dur- 
ing the morning session. 

Henry Schwarzkopf described the 
greater economy in the use of indus- 
trial diamonds when proper bonding 
methods are used, during the after- 
noon meeting. A paper on Natural 
Abrasive Sands of the Ottawa, Ill. 
District was presented by A. D. Bry- 
ant, in the absence of the author, 


Education held its luncheon at the Statler, with Harry H. Power presiding. MIED had 
a varied and interesting program which started with meetings at Columbia University 
and surveyed engineering education from present and future aspects. Sessions were 
well received and participation from the floor active. 
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W. B. Gyger. History of the industry 
from its beginnings 100 years ago to 
the present was outlined. Questions 
were answered regarding the vari- 
ous grades of the product and the 
beneficiation of the silica for certain 
end uses. 

Louis F. Rowe described the clas- 
sification of extremely fine abrasives 
employed by the optical industry. 
Centrifugal classifiers are now in 
use, giving excellent results. F. Paul 
Ronca described the abrasive test- 
ing and grading machines used by 
Carborundum Co., Niagara Falls, 
N. Y. Care is taken to keep the 
quality of the abrasives to a definite 
standard, and in grading abrasives, 
screens used are frequently tested 
to see that no variation in aperture 
size occurs. Wire screens are taking 
the place of silk screens down to 
sizes finer than 100 mesh—Roland 
D. Parks. 

The session on Solids-Fluids Sep- 
aration, Wednesday morning, in the 
Penn Top North had W. S. Springer 
and C. L. Sollenberger as associate 
chairmen. Mr. Sollenberger substi- 
tuted for R. C. Meaders who was 
scheduled to give a paper at a con- 
current session. Five papers were 


Two Past Presidents of the AIME, Michoel! 
Haider, left, and W. McG. Peirce, find 
time for an informal chat during the cock- 
tail party preceding the Annual Banquet. 
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presented on dust collection, drying, 
and filtration. 

Dr. Leslie Silverman of the Har- 
vard School of Public Health pre- 
sented his paper Collection of Fumes 
from Ferro-Silicon Electric Furnace 
Operations which described a 2-year 
study at the Niagara Falls plant of 
the Vanadium Corp. of America. 
Comparisons of a wet collection unit 
with high pressure fog nozzles vs 
a dry unit with wool or Fiberglas 
bags showed that the dry unit was 
much more effective in collecting 
the fume. 

The Collection of Laboratory 
Dusts by B. Langston and F. M. 
Stephens, Jr., of Battelle Memorial 
Institute was presented by Mr. Lang- 
ston. He described various labora- 
tory collectors patterned after types 
available commercially and _ con- 
structed at Battelle for controlling 
dust in their working areas. 

Frank Weems of the Eimco Corp. 
presented a paper entitled A Practi- 
cal Approach to Selection of Filter 
Media. In this paper practically all 
types of filter cloths were rated 
according to criteria such as resis- 
tance to blinding, resistance to acids 
and bases, filtration rate, clarity of 
filtrate, and others, allowing the 
selection of the best cloth for a 
given application. 

C.E. Silverblatt, R. C. Emmett, and 
D. A. Dahlstrom also of the Eimco 
Corp. were authors of the fourth 
paper on the program, Calculation 
of Economic Minimum Filter Cake 
Moisture Content. The paper was 
presented by Mr. Dahlstrom. An 
analysis of the many factors affect- 
ing continuous filtration was pre- 
sented. Some of the factors were 
evaluated by statistical techniques. 
As a result of the studies, the factors 
were grouped into those having sub- 
stantial influence on the moisture 
content of filter cake, those having 
medium influence, and those having 
negligible or no influence. 

The final paper on the program, 
The Drying of Lateritic Ores by B. 
Marquis, H. J. Reed, and E. R. Sweet 
of Singmaster & Breyer, described 
the difficulties involved, particularly 
in regard to material handling, in 
drying the lateritic ore at the Nicaro 
nickel plant in Cuba. The paper was 
presented by Mr. Marquis. 

A rather extended discussion of 
health hazards in ferrosilicon plants 
followed the first paper and limited 
the time for discussion of the re- 
maining papers—C. L. Sollenberger. 

One noteworthy feature of the 
Minerals Beneficiation Symposium, 
“What’s New in Milling Equipment,” 
was the straightforward manner of 
presentation of papers. There was a 
minimum dependence on text and 
speakers discussed and summarized 
in a manner which indicated com- 
plete grasp of subject. Attendance 
at the session, especially considering 
it was held the last day of the meet- 
ing, was large. Discussion from the 
floor was limited, mainly because of 


Another group at the Annual Banquet cocktail party consisted of Alan Bateman, 
President of the Mining & Metallurgical Society of America, Jomes Head, and 
H. DeWitt Smith. Mr. Bateman returned from India just in time for the Banquet. 


the realization that discussion would 
cut time for paper presentation. Pro- 
grams for the symposium were in- 
cluded in MBD envelopes distrib- 
uted at registration—J. C. Lokken. 


Mining 

Four papers were presented on 
the Support of Mine Workings. The 
first, by C. M. Haight, described The 
Use of Fill at the Franklin Mine 
and, in particular, described the 
method used in extracting pillars 
after mined areas were filled. 

The remaining three papers were 
devoted to Rock Bolting. Edward 
Thomas described Applications of 
Rock Bolting in both metal and coal 


mines. It was pointed out that rock 
bolting can support the underground 
opening by one of three means; 
suspension, that is, securing loose 
material on the surface to more 
competent rock thereunder; beam 
building in stratified rock, clamping 
layers together with bolts to form 
a single member; and reinforcement 
of skin area for added resistance to 
compressive and shear stresses. 
Louis A, Panek described Analy- 
sis of Roof Bolting Systems Based 
on Model Studies. Empirical equa- 
tions were presented which make it 
possible to calculate the degree of 
reinforcement which is afforded by 
a given system of bolting in terms 


Discussion during and after education sessions held at Columbia University was 
especially heavy. This one group utilizes time between the Sunday afternoon session 
and the buffet supper to talk over ideas brought up during the day. 
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William B. Stephenson pins an orchid on 
his secretary, Mrs. P. R. Hartough. The 
orchid was a token of appreciation from 
MBD for the work she performed for the 
division during 1953. 


of the bolt length, bolt tension, bolt 
spacing, and other experimental 
parameters. This paper provoked 
considerable discussion on the vari- 
ous methods of installing bolts. 

The fourth paper in this session 
Rock Bolting in the Northwest Metal 
Mines, by Robert Breckenridge and 
Lloyd Pollish, was read in abstract 
—Leonard Obert. 


Coal 

The Thursday afternoon session of 
the Coal Div. on Utilization was 
chairmanned by W. R. Chedsey. 

The paper on the Distribution of 
United States Coal Reserves by Paul 
Averitt of the U. S. Geological Sur- 
vey was an interesting exposition of 
how the new appraisal of our coal 


Members of the MED gathered for lunch and to discuss some of the papers presented 
at 


during the Annual Meeting. As per usual, discussion was lively 
and the luncheon. 
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resources is being made by the 
USGS and the cooperating State 
surveys. While the data from the big 
producing states has not yet been 
assembled the data which were pre- 
sented showed how our future re- 
serves are distributed between coals 
whose existence is definitely known 
and those whose existence is reason- 
ably supposed and yet not definitely 
proved. 


The paper on the Underground 
Electrocarbonization of Coal and 
Related Hydrocarbons by J. D. 
Forrester of the Missouri School of 
Mines described what is being done 
at the school in an effort to focus at- 
tention upon recovery of coal from 
either thin or dirty seams not eco- 
nomically mineable. The paper 
brought discussion on other possible 
ways in which coal might be recov- 
ered. The question was: “Is there a 
solvent for coal?” Harold J. Rose 
stated that there was an expensive 
organic liquid which would dissolve 
at least certain of the high volatile 
bituminous coals and from which 
the coal-like material could be later 
recovered as a pitch. The solvent 
liquid could be used over again. The 
method is uneconomical at present 
because of the cost of the solvent 
chemical—W. R. Chedsey. 


Industrial Waters 

The nine papers presented at the 
first formal Industrial Waters ses- 
sions in the long history of the An- 
nual Meeting stimulated tremen- 
dous interest. The sessions were 
viewed as a long and positive step 
forward. Credit for the sessions 
goes to the Industrial Minerals Div. 
and the Committee on Industrial 
Waters which labored long and hard 
to make the meetings the successes 
they were. Subject matter ranged 
from legal aspects of water in the 
arid southwest to mine drainage 


both the sessions 


problems of all sorts, from anthra- 
cite mines to western metal opera- 
tions. Six papers dealt with water 
problems in mining. 

In the introduction to the meeting, 
it was stated that “It is certain that 
more and more people have recently 
begun to realize that water is in- 
deed a critical mineral. ... few 
would argue with the statement 
that it is the most important of all 
our industrial minerals. 

“And it is not always easy to find, 
especially in the quantities that are 
desired.” The introduction pointed 
out that water is not merely the 
problem of arid areas of the U.S. In 
recent years, metropolitan areas 
have developed tremendous supply 


Wilfred Sykes, left, winner of the Charles 
F. Rand Medal, and John Forbes, director 
of the U. S. Bureau of Mines, pause mo- 
mentarily during the activities preceding 
the Annual Banquet to go over the 
week's events. 


problems. It was also noted that 
water, once investigated, becomes a 
complicated thing, with a variety 
of conditions. 

Ground water and its relation to 
mining operations were discussed 
from practical and theoretical view- 
points during the afternoon session. 
P. P. Ribotto used a knowledge of 
geology and ground water hydrau- 
lics to estimate pumping capacity 
needed for undeveloped Cayia mine 
near Crystal Falls, Mich. T. A. 
Simpson discussed the complexity 
and size of the problem of control- 
ling water in the Birmingham iron 
mines. Considerable discussion cen- 
tered around the paper by W. T. 
Stuart that told of pumping test 
and water conditions at the Fad 
shaft, Eureka, Nev. R. M. Richard- 
son described methods of locating 
zones where surface water enters 
the fissures tapped by workings in 
the zinc mines of Tennessee. Sealing 
these zones greatly reduced pump- 
ing rates. Successful steps taken to 
reduce water in the mine workings 
at Iron River, Mich. were de- 
scribed by R. C. Mahon. Under- 
ground collection galleries and wells 
were used to intercept the flow be- 
fore it reached ore areas—R. M. 
Foose and W. T. Stuart. 
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Board Votes New Plan 
For Local Section Aid 


After much discussion at the meet- 
ing of the Council of Section Dele- 
gates at the Annual Meeting, the 
Board of Directors, at its meeting on 
February 16, again following con- 
siderable discussion, voted to dis- 
continue immediately the present 
method of making Local Section 
appropriations and to substitute a 
plan whose main essentials are as 
follows: (1) A rebate of one half of 
the initiation fees received during 
the calendar year 1954 from new 
Members in the territory of a Sec- 
tion will be returned to that Section; 
and an appropriation of 50¢ will be 
granted to every Local Section for 
each Member, Associate Member, or 
Junior Member in the territory of 
the Section on record at Institute 
headquarters on Jan. 1, 1954. 

The Council of Section Delegates 
had recommended that the rebate 
be $1 instead of 50¢, but the Board 
felt that to adopt the higher figure 
at the present time would make 
necessary too much of a cut in other 
vital items of the expense budget. 
In addition to the above, the rail- 
road fares of the delegates to the 
Annual Meeting have been paid, but 
this may be discontinued after this 
year. The plan is for the current 
year only, as an experiment. Details 
of administering the plan were to be 
approved at the March 17 meeting 
of the Executive and Finance Com- 
mittees, after which checks would 
immediately be forwarded to the 
various Local Sections that desire 
to have the appropriation. It was 
expected that an additional fund of 
some $2000 would be required to 
provide needed support for such 
Local Sections as will receive con- 
siderably less under the new plan 
than they have found necessary in 
the past. 

The new plan adds a considerably 
greater incentive to secure new 
Members than the plan heretofore 
in force, which gave the Local Sec- 
tions only $2 out of the $20 initia- 
tion fee for Members and Associate 
Members instead of the $10 now 
granted. Thus, host Local Sections 
that conduct active membership 
campaigns will be enabled to add a 
fairly large sum to the amount re- 
ceived through the 50¢ grant per 
present Member. 

To adopt the new plan of financial 
support of Local Sections requires 
a change in the present bylaws of 
the Institute, Art. XI, Sec. 3. At 
the meeting on March 17, the Ex- 
ecutive Committee voted to give 
notice of its intention to amend the 
paragraph now reading as follows: 

“It shall be the policy of the Board 
of Directors, so far as practicable, 
to appropriate from the treasury of 
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brings you outstanding 
efficiency in three 
types of systems 


Automatic Bag Type 


Centrifugal 


HATEVER your 

need for dust or fume 
control, Norblo builds 
rugged, efficient equip- 
ment in Centrifugal, Hy- 
draulic and Bag type 
collecting systems. These 
three types, frequently 
used in certain combina- 
tions, provide economical 
dependable control as re- 
quired in smelting, rock 
products, chemical, mill- 
ing and processing fields. 


Norblo Systems make outstanding records for high recovery 
with low operating and maintenance costa. Profit by 


Norblo’s 30 years experience 


in heavy duty collection and 


Norblo development of these basic types of equipment. For 
good advice on dust or fume problems, consult Norblo. 


The Northern Blower Compan 
Engineered Dust Collection Systems for All industries 


6424 Barberton Ave. Olympic 


1-1300 Cleveland 3, Ohio 
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To producers of sand and gravel, rare earths, and other mineral products 
digging 
made-to-order processing plant 
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This Yubo dredge 
(4000-ton displace. 
ment) digs 112 ft. be- 
low water with 18 cu. 
ft. buckets; has ample 
deck space for process- 
ing machinery. 


Dredging costs under 5¢ per ton for gravel are not uncommon 
with large YUBA bucket ladder dredges. They also have dug 
cemented gravel, boulders, and into bedrock without costly 
drilling and blasting. They float in their own ponds, excavate 
without lowering surrounding water levels. Bucket sizes range 
from 2% to 18 cu. ft... . digging depths from 10 ft. or less to 
125 ft. below water. . 


Complete Plant Afloat 

Your YUBA dredge can be built to screen out rocks; to break up 
and wash away surplus clay; to size through single or multiple 
screens; to remove mineral products by jigs, cones or magnetic 
separators. In short, you can completely process and grade your 
product as you dig, all aboard a YUBA dredge. 


Choice of Handling Methods 

Your dredge can be designed to stockpile ashore, load into 
trucks or shore conveyor; load into barges; or pump ashore 
through pipes. 

Consult YUBA NOW. We can build you a new dredge... 
redesign, move and rebuild a used dredge . . . to fit your 
particular needs, Wire, write or call us — no obligation 
of course. 

67 


VUBA MANUFACTURING CO.— 


Room 708, 351 California St., San Francisco 4, California, U.S. A. 
AGENTS { cums. DARGY & CO., LTO. * SINGAPORE, KUALA LUMPUR, PENANG. 


SHAW DARBY & CO., LTO., 14 & 19 LEADENHALL ST., LONDON, E.c. 3. 
CABLES: YUBAMAN, Saw 


SHAWOAREC 0, 
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the Institute, on formal request of 
any Local Section, funds to assist it 
in meeting its necessary running ex- 
penses, in amount not to exceed in 
any year 25 per cent of the dues re- 
ceived from members resident in 
said Section during the preceding 
year, but in no event to exceed the 
sum of $400. Request for such ap- 
propriation shall be signed by the 
Chairman, Secretary, and Treasurer 
of the Section. If the expenses of a 
Section exceed the appropriation 
made by the Board, the difference 
may be made up by voluntary con- 
tributions or local dues from the 
members of said Section as the lat- 
ter may determine. The Institute 
shall not be responsible for the 
debts of any Section.” 

It is proposed to revise this as 
follows: 

“Should a Local Section request 
funds from the Institute treasury to 
assist in meeting its expenses, the 
Board of Directors may grant such 
help to the extent that, and in such 
manner as, it may from time to 
time determine. If the net expenses 
of a Local Section exceed the 
amount thus granted, the difference 
may be made up by voluntary con- 
tributions, local dues from members 
or affiliates, or by such other means 
as may be approved by the Board. 
The Institute shall not be responsi- 
ble for the debts of any Section.” 

Vote on the amendment will be 
taken at the May 19 meeting of the 
Board of Directors. 


the Sections 


The Utah Section extends an invi- 
tation to any AIME members visit- 
ing the area to attend its April 22 
meeting at the Newhouse Hotel in 
Salt Lake City. W. A. Dew of the 
E. I. du Pont de Nemours Co. will 
speak on Things to Come in Chem- 
istry. The section’s February meet- 
ing has proven to be an attendance 
record breaker. Feature of the gath- 
ering was a symposium on the edu- 
cation of engineers. The March meet- 
ing, with the Woman's Auxiliary 
joining the men at dinner, also 
proved to be a success. The Univer- 
sity of Utah senior debators dis- 
cussed Tariff vs Free Trade. 


e The Princeton Film Center Inc., 
Princeton, N. J., has compiled a new 
list of free loan 16 mm sound movies. 
Many of the films are in color and 
are reported suitable for clubs, col- 
leges, industrial, and other adult 
audiences. Subject matter range is 
wide. Additional information can 
be obtained by writing to the Film 
Center. 
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K. HARMS 


K. Harms has been named general 
manager of the 16 U. S. plants of the 
Federated Metals Div., American 
Smelting & Refining Co. T. D. Jones 
succeeds Mr. Harms as chief lead 
refinery metallurgist. G. H. Weis is 
now manager of the Perth Amboy 
plant. Mr. Harms has been with 
AS&R since 1923. In 1940 he be- 
came manager of the Perth Amboy 
plant and chief lead refinery metal- 
lurgist for the company. Mr. Jones 
joined the company as a chemist in 
1922. Since 1934 he has been travel- 
ing lead refinery metallurgist. He 
was Chairman of the AIME’s EMD 
and served as Director ex officio in 
1952. Mr. Weis joined the Baltimore 
plant in 1928. He was transferred 
to Perth Amboy in 1932. 


Elmer Isern, vice president of Eagle- 
Picher Co., and manager of its min- 
ing and smelting div. at Miami, 
Okla., has resigned. Mr. Isern began 
werk at Commerce, Mining & Mill- 
ing Co. in Miami in 1926 and stayed 
on as superintendent of milling 
when Eagle-Picher bought the com- 
pany in 1939. He is credited with 
originating centralized milling, 
which has saved thousands of dol- 
lars in the lead and zinc industry. 
Mr. Isern plans to rest and to devote 
his time to private business. 


W. D. Lease, formerly in charge of 
research and development for Athey 
Products Corp., has been appointed 
manager of sales promotion. Mr. 
Lease will direct the activities of 
advertising, sales development, and 
sales training. 


Maurice A. Mawby, director of ex- 
ploration and research, Consolidated 
Zine Pty. Ltd., Melbourne, Australia, 
has been named an honorary mem- 
ber of the Chemical, Mining, & 
Metallurgical Society of South 
Africa. 


T. D. JONES 


Wesley P. Goss, vice president and 
general manager of Magma Copper 
Co. and its subsidiary, San Manuel 
Copper Corp., has been elected to 
the presidency of both corporations. 
Maintaining headquarters at Supe- 
rior, Ariz, Mr. Goss will continue as 
manager of both firms. He suc- 
ceeds A. J. McNab who is now 
chairman and chief executive officer 
for both Magma and San Manuel. 


Henry W. Hitzrot, of Westport, 
Conn., has been appointed director 
of the Water & Sewerage Industries 
& Utilities Div., Business & Defense 
Services Administration, U.S. Dept. 
of Commerce. Mr. Hitzrot will 
serve for 6 months without compen- 
sation on loan from The Dorr Co., 
Stamford, Conn. He has had wide 
experience in the field of water and 
sewage at mining and industrial 
centers in many Central and South 
American republics. He recently 
completed a survey for his company 
in five countries of Western Europe. 


Howard L. Waldron, formerly asso- 
ciate editor EMJ and district man- 
ager for Mining World, is regional 
sales manager for a number of firms 
supplying chemical products for the 
mining and allied industries. Mr. 
Waldron will make his headquarters 
at Salt Lake City and his territory 
will cover Arizona, New Mexico, 
Nevada, Utah, Colorado, Idaho, 
Wyoming, and Montana. 


Ahmag?. Ali is with the engineering 
dept., Ministry of Mines, Kabul, 
Afghanistan. Mr. Ali is a former 
student of Missouri School of Mines, 
Rolla, Mo. 


John K. Gustafson, chief geologist, 
and J. W. Buford, coordinator of 
Canadian development have been 
appointed vice presidents of the 
Hanna Coal & Ore Corp., Cleveland. 


G. H. WEIS 


Douglas C. Corner, mining engineer, 
is with American Zinc, Lead, & 
Smelting Co., Spokane, Wash. He 
was with John Carruthers & Co., 
Sydney, Australia. 


Parker D. Trask just recently re- 
turned from making a survey of the 
natural resources of Egypt on be- 
half of the U.S. Geological Survey 
and the Foreign Operations Adminis- 
tration. Mr. Trask is research engi- 
neer, Dept. of Engineering, Institute - 
of Engineering Research, Berkeley, 
Calif. 


Leslie 8S. Fletcher has been appoint- 
ed research fund director, Ameri- 
can Society of Tool Engineers, De- 
troit. Prior to this appointment, 
Colonel Fletcher was technical di- 
rector and president of Sam Tour & 
Co., New York. 


David M. Wilson has accepted the 
position of graduate research and 
teaching assistant, California Insti- 
tute of Technology, Pasadena, Calif. 


James W. Knox is with the Interna- 
tional Boundary Commission, Del 
Rio, Texas. 


Ciro Mundaca T., after 7 years with 
the Chile Exploration Co., Chuqui- 
camata, Chile, has left the engineer- 
ing dept. and plans to visit the U.S. 
Mr. Mundaca recently completed a 
paper on the mineral resources of 
the Dept. of Arica, Chile. 


> 
‘foward E. Butters, formerly district 
manager, Joy Mfg. Co., in St. Louis 
has been appointed district manager 
of Joy’s new Cleveland office. 


Clark Sutherland is first vice presi- 
dent and director of Robinson Clay 
Product Co., Akron, succeeding 8. V. 
Saginor who resigned last Decem- 
ber. Mr. Sutherland was vice presi- 
dent, Pacific Clay Products, Los 
Angeles. 


APRIL 1954, MINING ENGINEERING—441 


\ 
| | 


ARCH S. ABBEY 


C. M. Donahue, vice president, Mine 
Safety Appliances Co., Pittsburgh, 
has announced the appointment of 
Arch 8. Abbey as manager of the 
Latin-American Section, Interna- 
tional Div. Mr. Abbey, well-known 
in mining and industrial activities 
throughout Central and South Am- 
erica, has been with the company 
since 1935. He will supervise MSA’s 
sales of mining and industrial safety 
equipment in Latin America. 


C. Y. Thomas, vice president in 
charge of operations, Spencer 
Chemical Co., Kansas City, Mo., was 
a speaker at the Rotary’s program 
honoring Engineers’ Week, observed 
recently in Springfield, Ill. Mr. 
Thomas is a vice president of the 
National Society of Professional En- 
gineers and from 1947 to 1953 was 
chairman of the Kansas Council of 
Engineers and Architects. 


Roger W. Straus, chairman of the 
board, American Smelting & Refin- 
ing Co., has announced the election 
of R. E. MeNeill, Jr., president of 
Hanover Bank, New York, as a di- 
rector of AS&R. 


Stephen P. Langa is quarry superin- 
tendent, Castalia Quarries Co., San- 
dusky, Ohio. He was quarry fore- 
man, U. S. Gypsum Co., Genoa, Ohio. 


Earl R. Maize is mining methods re- 
search engineer with the U. S. Bu- 
reau of Mines, Pittsburgh. 


George H. Musson has returned 
from Italy after 3 months metal- 
lurgical work with Mineraria Pre- 
alpina, large fluorspar producers. He 
is now working at the Colorado 
School of Mines Research Founda- 
tion at Golden, Colo. 


Robert M. Hurst, who was with 
American Smelting & Refining Co., 
Vanadium, N. M., is now with Miami 
Copper Co., Miami, Ariz. 


William B. Hall has been named 
general manager of Vitro Uranium 
Co., Salt Lake City. 


SAUERMAN 
ONIN MACHINE 


| 


Sauerman installations provide ical handling of a wide variety of bulk 
materials, from bauxite to zine ore ... at rates ranging from 10 to 800 cu. yds. 
per hr. Storage areas range from a small bin to ten acres or more. 


Quick change from stockpiling to reclaiming is accomplished by unclamping and 
re-aitaching the operating cables so as to turn the bucket around whe, the power 
is applied. Non-caving or free-flowing mv,terials are handled with eque! efficiency. 
The operator can be located in a safe cab overlooking the work area. Many Sauer- 
raan installations are remotely operated through air or hydraulic controls. 

Let Sauerman engineers show you how to use your storage area to its fullest 
extent. Send for Catalog E, Bulk Storage by Power Scraper and 82 Tested Meth- 
ods For Handling Bulk Materials. Request the following Field Reports: 


Ore with Drag Scrapers 
torage of Iron Ores 


SAUERMAN BROS., 
546 $. CLINTON STREET, CHICAGO 7, ILL. 


FR-224 Handi 
FR-104 African 


ac. 
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HERBERT KELLOGG 


Herbert Kellogg, associate professor 
of mineral engineering Columbia 
University, New York, has been 
named chairman of the titanium ad- 
visory committee for the Office of 
Defense Mobilization. Professor Kel- 
logg will have his headquarters in 
Washington temporarily, but is still 
connected with the university. The 
newly created committee will de- 
velop Government policy for encour- 
agement of industry to see that de- 
fense needs are adequately met. 


Ralph Flow is now with Foote Min- 
eral Co., Kings Mountain, N. C. He 
was with Black Rock Mining Co., 
Lincoln mine, Tempiute, Nev. 


C. W. Allen, vice president, mining 
operations, Cleveland-Cliffs Iron 
Co., has announced the retirement 
of E. L. Derby, Jr., as chief geolo- 
gist. Mr. Derby, whose headquarters 
are in Ishpeming, Mich., will con- 
tinue, however, on an active con- 
sulting basis. S. W. Sundeen was 
promoted from assistant manager 
of the mining dept. to manager, ore 
development. Mr. Sundeen heads the 
company’s low grade ore develop- 
ment program in Michigan and Min- 
nesota. Burton H. Boyum was pro- 
moted to the position of chief geolo- 
gist, also with headquarters in Ish- 
peming, and Gerald Anderson from 
senior geologist to Michigan district 
geologist. 


G. Dessau, formerly of the Italian 
Colonial Mining Service, and after 
World War II attached to the Italian 
Geographical Survey, has retired 
from these services, and is now as- 
sociate professor of mineral deposits 
at the University of Naples, besides 
being engaged in consulting work. 


Leland B. Flint of Salt Lake City, 

was elected a director of Kennecott ») 
Copper Corp. Mr. Flint is president \ 
of Flint Distributing Co., one of the 
largest appliance distributors in the 
inter-mountain region. He is also a f 
director of the Walker Bank & Trust 

Co. and of the Bank of Utah. 


~ 
| 
implif Ik i 
| Simplify Your Bulk Storage witha 


A. M. RIDDLE 


A. M. Riddle has been appointed 
executive assistant to A. F. Franz, 
president of Colorado Fuel & Iron 
Corp. Mr. Riddle, who has more 
than 30 years experience with CF&l, 
was first employed in the fuel divi- 
sion at the Segundo coke oven plant. 
He was later transferred to Pueblo 
and in 1930 joined the president's 
staff in Denver. 

Michael L. Haider has been elected 
president of International Petroleum 
Co. Ltd., affiliate of Standard Oil 
Co., N. J. to succeed L. P. Maier, 
who becomes chairman of the board. 
Mr. Haider was an AIME Director 
from 1945 to 1946, Vice President in 
1951, and AIME President in 1952. 


R. H. B. Jones, consulting geologist 
for Oliver Iron Mining Div., Duluth, 
has been appointed staff geologist 
for U. S. Steel’s Columbia-Geneva 
Steel Div. with headquarters in San 
Francisco. Mr. Jones joined U. S. 
Steel in 1930 as a geologist for Oliver 
Iron Mine Co. at Duluth. He was 
promoted to chief geologist there in 
1940 and became consulting zeolo- 
gist in 1953. 


Lucien L. Mohier, who presented a 
discussion on coal washing at the 
AIME Annual Meeting, is now visit- 
ing various U. S. coal mines. Mr. 
Mohier is head of the engineering 
dept. with the French firm PIC, coal 
preparation plant manufacturers 
and builders. He may be reached 
while in this country through O. 
Philipp & Co. Inc., 19 Rector St., 
New York, U. S. representatives of 
PIC. 


Herschel V. Hiatt, formerly assistant 
chief engineer for the Allison Div. 
of General Motors, has heen named 
director of engineering for the Mil- 
waukee Div. of Le Roi Co. Mr. 
Hiatt will also be chairman of the 
product development committees 
and will be responsible for the en- 
gineering dept.’s recruitment and 
educational policies. 


James D. Mooney has been elected 
president, chief executive officer, 
and a director of R. Hoe & Co. Inc., 
New York. 


Francis Young was recently ap- 
pointed general manager of Société 
Nord-Africaine du Plomb with head- 
quarters at Bou Beker, French Mo- 
rocco. Prior to this appointment 
Mr. Young was assistant mine su- 
perintendent at Société des Mines 
de Zellidja, Bou Beker. 


James Francis Mcintosh is junior 
metallurgist with Manganese Inc., 
Henderson, Nev. 


Ralph E. Kirk’s biography and a full 
page photograph of him. appeared 
in the January-February issue of 
The Explosives Engineer. Mr. Kirk, 
manager of raw materials at the 
Tennessee Coal & Iron Div., U. S. 
Steel Corp., Fairfield, Ala. was 5 
years old when he became a coal 
miner, according to this profile. He 
worked a 6-in. seam in the family 
back yard. Mr. Kirk is chairman of 
the AIME Mining Branch Council 
for 1954. 


Langbourne M. Williams, president 
Freeport Sulphur Co., has an- 
nounced the election of Maurice F. 
Dufour as assistant vice president 
by the board of directors. Mr. Du- 
four, who joined the company in 
1933, has been manager of develop- 
ment since 1951. He is at present in 
charge of the company’s project to 
develop nickel and cobalt at Moa 
Bay in Cuba. 


JEAN DUFRANC 


Jean Dufranc has resigned from the 
Société des Mines de Zellidja, Bou 
Beker, French Morocco, where he 
had held the post of assistant gen- 
eral manager since 1946. He is now 
employed by the Bureau de Re- 
cherches Géologiques et Géophys- 
iques in Paris as manager of the 
mining research branch. Mr. Du- 
franc has been succeeded by Jean 
Paulhac who was formerly general 
mine superintendent at Zellidja. 


Robert G. Reeves, geologist with the 
USGS, who was in Washington, 
D. C., is now back in Reno, Nev. 


Catalog 513 is a standard reference on rivetless 
chain for all applications. Lists the largest aveail- 
able choice of chain sizes and attachments; also 
every type of part for conveyors and elevators. 


Investigate Wilmot DUCTILE IRON Castings- Bulletin 512 


HAZLETON, PA. 
Foundry and Shops: 


WILMOT ENGINEERING CO. 
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KEITH WICK 


John W. Hill, Grand Junction, Colo., 
has resigned from the U. S. Vana- 
dium Co., a division of Union Car- 
bide & Carbon Corp., after 17 years 
of service. He was general superin- 
tendent from 1948 to 1952, and man- 
ager of mines thereafter. He and 
associates have entered the uranium 
mining business on the Colorado 
Plateau, with headquarters in Grand 
Junction, 


Paul L. Jones, who was with U. S. 
Gypsum Co., Heath, Mont., is now 
with Rico-Argentine Mining Co., 
Rico, Colo. 


J. G. Uzelac, a native of Utah and 
manager of Denver Equipment Co.’s 
Chicago office for the past several 
years, will head a new Deco office in 
Salt Lake City. Keith Wick, former- 
ly sales engineer in Deco’s Denver 
office, has taken over the Chicago 
territory. Mr. Wick finds this a fa- 
miliar territory as he is a native of 
the Midwest. 


William H. Harrison, who was mine 
superintendent, Alcoa Mining Co., 
Rosiclare, Ill., is now with 
Surinaamsche Bauxite Maatschappij, 
Paramaribo, Dutch Guiana. 


Warren J. Mead, former head of the 
geology dept., MIT, has been re- 
tained by Wilkes-Barre, Pa., to fix 
the cause of surface disturbances in 
South Wilkes-Barre. Also hired by 
the city to investigate the cause of 
the upheavals are John C. MacCart- 
ney and F. E. Kudlich, mining en- 
gineers. 


Leland B. Luellen, formerly assis- 
tant general superintendent at the 
Indiana Harbor Works, Inland Steel 
Co., East Chicago, has been named 
assistant to the vice president in 
charge of steel manufacturing. He 
will be responsible for following in- 
novations in iron and steelmaking 
technique throughout the world and 
recommending to Inland those that 
could be used by the company. 


J. G. UZELAC 


A. G. Robertson has been appointed 
superintendent of concentration for 
Consolidated Mining & Smelting Co. 
of Canada Ltd. Mr. Robertson will 
continue to act as superintendent of 
the Sullivan concentrator, Kimber- 
ly, B. C., and will also be responsi- 
ble for the technical direction of all 
other Cominco concentrators. Mr. 
Robertson was born in Edmonton 
and graduated with a B.S. in min- 
ing engineering from the Univer- 
sity of Alberta in 1935. He joined 
Cominco’s engineering staff at Kim- 
berly that same year. 


‘‘ORIENTED DIAMONDS” 


MAKE SPRAGUE & HENWOOD BITS 
CUT FASTER—LAST LONGER 


Always a leader in its field, Sprague & Henwood, Inc. PIONEERED the development of ORIENTED 
Diamond Bits; in which each individual diamond is set with its hardest rib or “vector” toward the work. 
We have produced THOUSANDS of oriented bits, in a wide variety of types and sizes, with both cast and 
powdered-metal matrices; and have proved, by extensive comparative tests in our own contract drilling 
operations, that they cut much faster and last much longer than bits 
in which the diamonds are set at random. 

Only selected diamonds of certain crystalline structure can be used 
and only specially trained and equipped setters of more than usual 
aptitude can be relied upon to orient diamonds correctly in the mold, 
but we are now fully organized for efficient production of ORIENTED 
DIAMOND BITS, and are furnishing them at no additional cost to the 


purchaser. 


In terms of footage cost, these are the most economical diamond 
bits ever produced and we invite inquiries on that basis. Bulletin 
No. 320 illustrates and describes all types and gives complete data. 


CONTRACT DRILLING 


We do drilling by contract and are one 
of the oldest and largest contractors for 
any type of core drilling. Experienced 
crews and supervisors are available for 
service anywhere in the United States 
and many other countries. Estimates 


submitted promptly on request. 


SPRAGUE & HENWOOD, Inc., Scranton 2 Pa. 


Branch Offices: New York a 
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Obituaries 


Henry E. Dodge (Member 1922) 
died Feb. 8, 1954 after an extended 
illness. He was born in Belle Isle, 
Nova Scotia, on Christmas Day in 
1882. Before coming to this country 
he worked for Consolidated Mining 
& Smelting Co. then under the man- 
agement of W. H. Aldridge. When 
the late Colonel William Boyce 
Thompson brought Mr. Aldridge to 
New York in 1912 to institute New- 
mont Mining Corp. and its explora- 
tion business, Mr. Aldridge induced 
Mr. Dodge to come with him to look 
after the financial and accounting 
activities of that corporation. Mr. 
Dodge soon became one of the key 
men in the organization and contin- 
ued in that capacity for the rest of 
his business career. His sound judg- 
ment and unusual ability were de- 
voted to the success of the enter- 
prise. He served as treasurer and a 
director of Newmont Mining Corp. 
from the time of its organization un- 
til he retired in 1950. At the time of 
his death he was vice president, 
treasurer, and director of Magma 
Copper Co., vice president and di- 
,rector of San Manuel Copper Co., 
and secretary and treasurer of Hud- 
son Bay Mining & Smelting Co. Ltd. 
He served as president of and was 
actively interested in the Lake Pla- 
cid Club. Since coming to this coun- 
try Mr. Dodge made his home with 
his family in New Rochelle, N. Y. 


Reg Halladay (Member 1930) died 
Dec. 31, 1953. He was senior mem- 
ber of the New York investment 
firm of Halladay & Co. He was a 
director of the International Nickel 
Co. of Canada Ltd. and of its US. 
subsidiary, the International Nickel 
Co. Inc. Among other companies, 
he was also a director of the Broad 
Street Investing Corp., the Capital 
Administration Co. Ltd. and the 
National Investors Corp. Mr. Halla- 
day was born in Jersey City, N. J. in 
1880. He obtained his first employ- 
ment in Wall Street at the age of 16 
and established his own office in 
1924. He was well known in Can- 
ada, where he headed Western 
Quebec Gold Mines and Snowshoe 
Gold Mines, and wrote and pub- 
lished many articles on mining. 


Appreciation of 
Louis S. Heilig 
by T. L. Joseph 

Louis S. Heilig, professor of min- 
ing at the University of Minnesota, 
passed away on January 28 after a 
month of serious illness. He was 
born in Pipestone, Minn., in 1891 
and attended high school at Mandan, 
N. D., graduating in 1910. 

After graduation from the Uni- 
versity .of Minnesota in 1915, he 
spent a year as a mining engineer 
on the Mesabi Range, 2 years in the 
diamond fields of the Belgian Con- 
go, and a year in the U. S. Military 


Service during World War I. On his 
discharge from the Army, Mr. Heil- 
ig joined the teaching staff of the 
University of Minnesota with which 

e has been associated ever since, 
excepting for a break of 4 years 
during which time he was employed 
by the Minnesota Tax Commission 
as its first chief mining engineer. 

He was a charter member and 
Past Master of University Lodge, 
No. 316 A.F.&A.M., Past Master of 
Education Lodge No. 1002, A.F.& 
A.M., and a member of the Scottish 
Rite Bodies of Minneapolis. 

He was a member (1943) of the 
AIME, the Engineers’ Club of 
Northern Minnesota, and Sigma Rho 
Fraternity. 

Surviving him are his wife, Ethel, 
two sons, Dr. William R. of St. Paul, 
and Louis F. of Los Angeles, a 
brother, Frank, of Oakland, Calif., 
and three grandchildren. 


Foreman M. Lebold (Member 1936) 
died Nov. 11, 1953. He was a mining 
engineer and president of Morris 
Paper Mills, Chicago. Mr. Lebold 
was born in Chicago in 1895 and 
graduated from Michigan College of 
Mining and Technology in 1916. 
Following graduation he worked 
with Porcupine Exploration Co., On- 
tonagon, Mich., and then with the 
Cobwell Cc., New Bedford, Mass. 
During World War I Mr. Lebold was 
a lieutenant with the 116th Ord- 
nance Depot at Camp Lewis in 
Washington. He was later president 
of Timberline Dredging Co., Den- 
ver; president of Placers Realty Co., 
Denver; and treasurer of Adney 
Gold Mining Co., Cripple Creek, 
Colo. 


Carl Scholz (Member 1896) died 
Nov. 15, 1953. Mr. Scholz, a Legion 
of Honor Member of AIME, was con- 
sulting engineer for the Elk River 
Coal & Lumber Co. and a former 
president of the American Mining 
Congress. He was born in Slawentz- 
itz, Germany, in 1872 and came to 
the U. S. in 1889. For 11 years he 
was a mining engineer and mine 
operator in the Kauawha District in 
West Virginia. Mr. Scholz later 
served as consultant for the Rock 
Island and other railroads while 
stationed in Chicago. In 1910 he 
went to Europe to study mining con- 
ditions as an engineer for the U. S. 
Bureau of Mines. Mr. Scholz was the 
author of various papers on mining 
materials and safety. 


Russell Henry Wilmot (Member 
1948) died Nov. 16, 1953. He was 
superintendent of the Truax-Traer 
Coal Co., Ceredo Preparation Plant, 
Ceredo, W. Ya. Mr. Wilmot was 
born in Caro, Mich., in 1908 and 
studied at the University of Michi- 
gan. In 1936 he went to work for 
Hanna Coal Co., Mt. Pleasant, Ohio. 
Mr. Wilmot was with this company 
for many years, beginning as plant 
foreman of the Dun Glen No. 11 
mine and later as superintendent of 
the Piney Fork No. 1 mine. 


James A. Bowers 

Harlan H. Bradt 

Donald C. Brown 
949 a O. Burgess 


Walter R. Dewees 
Henry E. Dodge 
Albert E. Gamble 
Walter I. Garms 
Reg Halladay 
Louis 8. Heil 
Raymond C. 

Lioyd M. Kniffin 

P. M. LeBaron 
Foreman M. Lebold 
Harold J. Martin 
Paul R. Moyer 
Frank C. Nicholson 


Frederick M. Wash 
H. Vance White 
Russell Henry Wilmot 
Alfred W. G. Wilson 
W. M. H. Woodward 
Harold 8S. Worcester 
Calvert C. Wright 


Proposed for Membership 
MINING BRANCH, AIME 


Total AIME membership on February | 28, 
1954 was 20,445; in 1492 
Associates were enrolled. 


ADMISSIONS COMMITTEE 


B. J. Fraser, Chairman; R. B. Caples, 
Vice-Chairman; F. A. Ayer, A. C. Brinker, 
R. H. Dickson, Max Gensamer, Ivan A. Given, 
Fred W. Hanson, T. D. Jones, Sidn Rolle, 
J. H. Scaff, John T. Sherman, F. T. Sisco, 
Frank T. Weems, R. L. Ziegfeld. 


The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members - 
sons who are unqualified. Institute members 
are urged to review this list as soon as possi- 
ble and immediaiely to inform the Secre- 
tary's office if names of people are found 
who are known to be unqualified for AIME 
membership. 

In the following list C/S means change of 
status; R, reinstatement; M, Member; J, Jun- 
tor Member; A, Associate Member; 8, Student 
Associate. 


Alaska 
Anchorage—Palmer, Harry B. (R. C/S—A-M) 


Arizona 

Miami—Bentzen, Charles M. (J) 
Miami—Smith, Robert E. (J) 
Morenci—McFarland, John R., Sr. (M) 
Morenci— Windrow, Tony M. iM) 


Arkansas 
Bauxite—Middlebrook, Harry T. (M) 
Malvern—Halbert, William A. (M) 


California 

Bishop—Scharrer, Jean J. (J) 

Martinez—Watson, Stanley G. (R. C -M) 

Mill Valley—Fopp, Silvio M. (R. C. -M) 

Palo Alto—Talbott, Robert C. (M) 

Redwood City—Donohoo, Horrie V. W. (R. 

C/S—S-M) 

Edward J. (R.C/S— 
-M) 

San Rafael—Jacobs, J. Donovan (M) 

Shoshone—Joy, Charles F. (C/S—A-M) 


Colorado 

Climax—Dessau, Max W. 

Denver—Hartzell, Edson Ke (J) 

Grand Junction—Knott, Woodrow (M) 

Grand Junction—Philippone, Richard L, (R. 
Cc/S—S-J) 

Grand Junction—Wright, Robert J. (M) 


Florida 

Alturas—Voigt, Richard E. (J) 

Bartow—Schmalz, Theodore R. (J) 

Brewster—Brice, Charles D. (M) 

Thomas J. (R. C/S— 
-A) 

Coral Gables—Maxwell, Donald L. (J) 

Lakeland—Wunsch, Phil G. (A) 

Mulberry—McLaulin, Douglas P. (A) 


Plant City—McGinley, Frank E. (R. C/S— 
-M) 


Idaho 
Silverton—Visnes, Norman (R. C/S—8-M) 


Illinois 
Chicago—Fourqurean, William E. (M) 
Chicago—Woo, Ching Cha (M) 


Moline—Proctor, John (C 
Indiana 

Bedjord—tingalls, Robert (M) 
I Ad. hy, Bern d P. (M) 


A-M) 
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Date Date of 
Elected Name Death 
Feb. 13, 1964 f 
I Apr. 21, 1953 
| Jan. 19, 1054 
Jan. 13, 1964 
i Jan. 20, 1054 
1938 Apr. 2, 1963 
1922 Feb. 8, 1064 
1947 March 1953 
1941 Dec. 30, 1953 3 
1930 Dec. 31, 1953 
1943 Jan. 26, 1964 
1937 Dec. 20, 1953 
1946 Feb. 16, 1954 
} 1952 Feb. 7, 1964 
/ 1936 Nov. 11, 1953 
1949 May 4, 19653 
sf 1942 Dec. 19, 1953 
1945 Unknown : 
1944 Neil E.S Feb. 2, 1054 
1953 Joseph A. Schiickau Nov. 98, 1963 
1937 Feb. 8, 1954 
1929 Jan. 23, 1964 ‘ 
1948 Nov. 16, 1953 
1906 Jan. 98, 1954 F 
1933 Nov. 20, 1953 ; 
1945 Feb. 1, 1954 
1944 Feb. 1, 1964 
° 


Kansas 
Pittsburg—Dowling, Jerry C. (J) 


Maryland 
Bethesda—Ankeny, Marling J. (M) 


Michigan 

Crystal Falle—Reed, William P. (M) 
Detroit—Avery, Donald L. (R. J) 
Ishpeming—Edwards, Robert W. (R. M) 


Minnesota 

Calumet—Abercrombie, Russell L. (M) 
Duluth—Wynne, Ira H. (M) 
Hibbing—Lentz, Gene (J) 
Minneapolis—Eastman, Walter R., Jr. (M) 
Nashwauk—Hanson, Lauren K. (A) 
Virginia—Gibbens, David D. (C/S—A-M) 
Wayzata—Larson, Eugene (M) 


Missouri 
Kansas City—Davidson, David F. (J) 


Montana 
Butte—de Runtz, John T. (J) 
Butte—Pollish, Lloyd (C/S—A-M) 


New Jersey 
Chatham—Mead, George G., Jr. (A) 


New Mexico 
Carlsbad—Gillingham, Walter P. (C/S—A-M) 


New York 

Balmat—Lowry, Malcolm V. (C/S—A-M) 
Bay Shore—Beckman, Charles A. (J) 
Marcelo G, (J) 


Nerth Caro 

Asheville -MeDaniel, William T., Jr. (C/S— 
) 

Henderson—Hamme, John V. (C/S—A-M) 


Ohio 

Bettsville—Addis, Edwin M. (A) 
Cleveland—Conway, William E. (J) 
Cleveland—McAfee, Alexander (A) 
Mansfield—Blair, Robert G. (J) 


Oregon 

Albany—Lubker, Robert E. (R. 

Pass—Winans, George D. (R.C/S— 
-M) 

Pennsylvania 


Bath—Maurer, Paul F. (M) 

Bedford—Shannon, Spencer 8S. 

California—Howe, Donald C. 

Mohnton—Stickler, Charles W., Jr. (R.M) 

Pittsburgh—Cummings, Robert A., Jr. (A) 

Pittsburgh—Russell, Freeman L. iR, c/ss— 

8-J) 

Pittsburgh—Stahl, Roy W. (R. C/S—S-M) 

ame College—Burg, Stoddard 8. (R.C/S— 
) 


South Dakota 
Terrence (R. C/S—S-J) 


Robert L. (R. 
City—Harrison, Thomas R. (R. C/S— 
Logan—Willes, Emery H. (M) 
Monticello—Poorman, Delmer E, (M) 

Salt Lake City—Kelly, James L. (C/S—A-M) 
Satt Lake City—Watkins, George 

Salt Lake City—-Whipple, Ross 


Virginia 
Arlington—Gwinn, George R. (C/S—A-M) 


West Virginia 
Omar—Hillery, Charles M. (C/S—-A-M) 


Wisconsin 

Milwaukee—Bergstrom, Bertil H. (J) 
James W. (R. 
Wauwat Kenneth I 


British West Indies 


nada 

Britten Columbia, Sheer—Cohen, Har- 

vey H. (R. C/ s—s 

British Columbia, Randolph 

M, (C/S8—A-M) 

British Columbia, Spillimacheen—Starck, 

Louis P. (C/S—J-M) 

Falconbridge—McCrodan, Peter B. 

(M) 

Curie, Levack—Mutch, Alexander D. (C/S 

—A-M) 

Ontario, Toronto—Anderson, James M. (A) 

Quebec, Montreal—Pitts, Parker D. (C/S— 
M 


A-M) 
Mount Royal—Blomdal, George W. 
(M) 


England 
London—Cox, Geoffrey A. (J) 

Mexico 

Mexico D. F.—Madero, Enrique, Jr. (A) 


Peru 

Tunnel—Semmens, John W. 

Mahr Tunnel—Sharpe, Kenneth R. 

Ricran—Craig, Glenn £. (M) 

South Africa 

Steffen K. (C/S— 
-M) 


Venesuela 
Estado Bolivar—Jimenez, Walfrido A. (M) 


(c/s— 
(M) 
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Appraisals 
Assayers 
Chemists 
Construction 
Consulting 
Designing 


ADAIR, BAILEY & VAN HORN 
Minera 


is © 
Mining Ore Dressing 
221, Murphy, N. C. 


Professional Services— 


Space limited to AIME members or to companies that have at least one member 
on their staffs. One inch, $40 per year; half inch, $25 payable in advance. 


JAMES A. BARR 


Consulting Engineer 
Mt. Pleasant, Tennessee 


JUNE M. METCALFE 
CONSULTING EDITOR-WRITER 
Books. Brochures. Mining and 
Industrial Histories a 
BB ae Drive, N. ¥. 27 
Univ. 4-0200 


BEHRE DOLBEAR & COMPANY 
Consulting Mining Engineers 
and Geologists 


11 Broadway New York 4, N. ¥. 


ARNOLD H. MILLER 
Consulting Engineer 
Mine, Mill and Industrial Investigations 
Improvement Design and Recommendations 
Cable: “ALMIL” Tel. Cortlandt 7-0635 
120 Broadway New York 5, N.Y. 


T. &. BERENT 
Engineering Consultants 
and Contractors 
Exploration, Mine Evaluation, 
ine Designs and Mine Management 
ise Ataturk Balvari—Ankara, Turkey 


RODGERS PEALE 

Consulting Mining Geo 
315 Montgomery St. 
San Francisco 4, Calif. 


BLANDFORD C. BURGESS 
Registered Professional Engineer 
Mining Consultant 
Monticelle, Georgia 


AMEDEE A. PEUGNET 
CONSULTING MINING ENGINEER 
Telephone MAIN 1-1431 
705 Chestnut St. St. Louis 1, Mo. 


COWIN & CO. 
Mining Engineers one Contractors 


Consulting Shaft & Slope Sinking 
Appraisal Mine Development 
Reports Mine Plant Construction 


1-18th St. S. W. B’ham, Ale., Phone 56-5566 


LUCIUS PITKIN, INC. 
Mineralogists 
Assayers—Chemists—Spectroscopists 
Representatives 
PITKIN BLOG., 47 FULTON ST., NEW YORK 

Cabie y Niktip 


RENE ENGEL 
Consulting Geologist 
1222 Blair Avenue 
Seuth Pasadena, Califernia 
Telephone: ALbany 0012 


MILNOR ROBER Consulting 
0 TS Mining Engineer 
The Pacific Northwest, 
British Columbia and Alaska 
4501 15th Ave., N.E. Seattle, Wash. 


GEORGE A. HOCH 
Thin Section Technician 
Standard and Oriented Sections 
Unconsolidated Materials a Specialty 
Dept. of Geology 
Franklin & Marshall College, Lancaster Pa. 


PAUL F. 8CHOLLA 
Consulting Mining Engineering 
Metal & Industrial Mineral Mining 

Examination, Management, Development, 
Surface Plants, Foreign and Domestic 
1025 Conn. Ave., N.W., Wash'n 6, D.C. 


CARLTON D. HULIN 
Mining Geology 
26th Floor San Francisco 4 
Shell Building California 


WILLIAM J. SHEDWICK, JR. 


Mine and Geologic Reports 

and — 

ew icense 2744-0 
Reforma 20-302 Mexico 1, D.F. 


Cc. P. KEEGEL 
Mining and Metallurgical Engineer 
Administration Appraisal 
in Management and 
onsultation in Latin America 
707 South 6th St., Las Vegas, Nevada 
Telephone 571 


CLOYD 


Mining Engineer 
Mine Examinations 
Ventilation Surveys 
Munsey Building Washington 4, D.C. 


KELLOGG KREBS 


Mineral Dressing Consultant 
564 Market St., San Francisco 4, Calif. 


SPANSKI AND WILLIAMSON 
Geologists — Engineers 
Groundwater Exploration 
Engineering and Geological 


LEDOUX & CO. INC. 


Chemists Assayers 
SHIPPERS REPRESENTATI 
359 Alfred Ave., Teaneck, New Jersey 


Investigations 
P.O. Box 151 Springfield, Ill. 
Geology Geophysics 


Box 68, Princeton, West Va. 
1635 West Wesley tt. NW, Atlante, Ge. 


JOSEPH T. MATSO 
CONSULTING MINING ENGINEER 
Examinations—Appraisals 


Operations 
P. 0. Box 170 Santa Fe, New Mexico 


WALKER & WHYTE, INC. 
Assayers, Chemists 
Shippers’ Representatives 
409 Pearl St. (Corner New 
New York — U.S.A. 


CLAYTON T. McNEIL, E. M. 
Consulting Mining Engineer 
822 Bank of America Bldg. 
Tel. GArfield 1-2948 
SAN FRANCISCO 4, CALIFORNIA 


GODFREY B. WALKER 
Mexvallurgical Consultant 
Mineral Dressing & Extractive 
Metallurgy 
Heavy Media a Specialty 
27 Lockwood Drive Old Greenwich, Conn. 


\ 
| 
) i =| 
| 
| [Jj | | 


Valuctions 


0. W. WALVOORD CO. 
Mill-Design and Construction 
401 High 8t. Denver 3, Cole. 


CLIFFORD R. WILFLEY 
Consulting Mining 
2233 Grape St. Denver 7, Colorade 


ABBOT A. HANKS, Inc. 
ASSAYERS-CHEMISTS 
Shippers Representatives 


624 Sacramento Street 
SAN FRANCISCO 


PENNSYLVANIA DRILLING 
COMPANY 


PITTSBURGH 20, PA. 
DRILLING CONTRACTORS and 
MANUFACTURERS 

We prospect coal and 
anywhere in North and South America. 
borings for ee testing; 

dams, bridges, buildings, etc 


HARRY J. WOLF 
Mining and Consulting Engineer 
Examinations—Va 
420 Madison Ave., New York 17, N.Y. 
Cable: MINEWOLF Tel: Plasa 9-1700 


ALFORD. MORROW & ASSOCIATES 
CONSULTING ENGINEERS 


HOLMES & NARVER, INC. 
Engineers — Constructors 


Design and Construction of — wad 
and Metal) Plants 
Supplemen Focilitics 
828 Seuth Figueroa Street 
Trinity 8201 Les Angeles 17 


PRODUCTION AND MANAGEMENT 
SPECIALIST 


ROGER V. PIERCE 


Mechaniza 
pe Phone 
Salt La City 4, Uteh 


ALLEN & GARCIA COMPANY 


42 Years’ Service to the 
Coal and Salt Industries as Consultants, 
Constructing Engineers and Managers 
Authoritative Reports and Appraisals 
3382 8. MICHIGAN AVE., CHICAGO 


120 WALL 8T., NEW YORK CITY 


DIAMOND gone DRILLING 
BY CONTRACT 
and world’s manufacturer 
Core and grout hole drilling in coal, 
metal, and non-metallic deposits, both 
surface and underground 
JOY MANUFACTURING CO. 
Contract Core Drill Divisien 


Michigan City, Indiana 


PYreRCE MANAGEMENT, INC. 
MINING ENGINEERS 


A Background of 27 years of om. 
Consulting and Management Serv 
to Coal and Mineral industries in 28 
States and 18 Foreign Countries. 
Scranton Electric Bidg., Seranten 3, Pa. 
1025 Connecticut Ave., . WwW 
Washington 6, D. C 


B. B. R. DRILLING CO. 
National Road West 
St. Clairsville, Ohio 
Diamond Core Drilling 
Contractors 
Mineral Foundation 
Cores Guaranteed Testing 


E. J. LONGYEAR COMPANY 
Foshay Tower Minneapolis, Minn. 
Consulting Mining Engineers 

and Ge i 
Mineral Mine 
Exploration Valuation 


M. G. SMERCHANSKI 
Mining 
Examinations, Surveys 
& velopment 


411 Childs Bidg. Manitobe 
Phone: 926323 


CENTENNIAL ELOPMENT CO., 
ac. 


, Utah 
Consulti 
M 
ond Contrectors 
Shaft Sinking — Tunnel Driving 
Mine Development 
H. B. Spencer James Quigley 


ROBERT S. MAYO 
Civil Engineer Lancaster, Pa. 
Specializing in Concrete Lining of 
Tunnels. Haulageways and Shafts. 
Special Equipment for Subaqueous 
Construction. 


SPRAGUE & HENWOOD, Inc. 
SCRANTON 2, PA. 
Diamond Drill Contractors and 
Manufacturers 
Core borings for testing mineral 
deposits in any part of the world. 


EAVENSON, AUCHMUTY & 
SUMMERS 
MINING ENGINEERS 
Mine Operation Consultants 
Coal Property Valuations 
2720 Koppers Bldg. Pittsburgh 19, Pa. 


R. §. MC CLINTOCK 
DIAMOND DRILL CO. 
Spokane, Wash. — Globe, Ariz. 
Diamond Core Drill Contractors 
Manufacturer of Diamond Bits and 
Drilling Accessories 


UNITED GEOPHYSICAL COMPANY, INC. 
Serving the mining industry with gravi- 
metric, electromagnetic, magnetic and 
seismic surveys. United emphasizes con- 
tinuous - recording - magnetic (MoMag) 
and electromagnetic surveys employ 

edvanced-design develo 

and constructed at United's laboratories. 
1200 $. Marengo Ave., Pasadena 15, Callf. 


Geo-Research 


A Division of the 
Institute of Industria! Research 


SYRACUSE 10, N. Y. PHONE: 4-6454 


JOHN F. MEISSNER ENGINEERS, INC. 
Consulting Engineers 
Conveyor Systems Storage Methods 
Crushing Plants Ship Loading Docks 
Materials Handling and 
Processing Plants 


308 W. Washington St. Chicage 6, Il. 


PAUL WEIR COMPANY 
Mining Engineers and Geologists 
Consultants and Managers 


Design and Construction 
20 No. Wacker Drive Chicago 6, Ill. 


J. W. Woomer & ASSOCIATES 
Consulting Mining Engineers 
Modern Mining Systems and Designs 
Foreign and Domestic Mining Reports 


Union Trust Bidg., Pittsburgh, Pa. 
National Bank Bidg., Wheeling, W. Va. 


T. W. GUY 
Consulting Engineer 
Coal Preparation 


To ane Maximum Net Return 
Face and Prod 


Kanawha V. Bidg. Charleston, W. Va. 


DIAMOND CORE DRILLING 
CONTRACTORS 
Testing Mineral Deposits 
Foundation Borings 
MOTT CORE DRILLING CO. 
Huntington, W. Va. 


WORLD MINING CONSULTANTS, 
INC. 


Consulting Mining Engineers 
and Geologists 
220 Broadway, New York 38, N. Y. 
Worth 2-2934 
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~ 
Drilling 
Management 
Metollurgical 
Reports 
Underground Mining Methods, Cost 
Cutting Surveys—Production Analysis 
nage- 
33973 
Prospecting and Development ; 
Property Valuation 
Oliver Bidg. Pittsburgh 22, Pa. 
| 
j Plant Design and Operation 


Events 


Apr. 21-23, Seuthern Industrial Wastes Con- 
ference, Hotel Shamrock, Houston. 

Apr. 22, AIME, Utah Lecal Section, Newhouse 
Hotel, Salt Lake City. 


Apr. 24, AIME, Columbia Section, student 
meeting, Idaho University, Moscow, Idaho. 


Apr. 26-28, Canadian Institute of and 
urgy, Annual Meeting, Mount 
Hotel, Montreal. 


ae 26-28, Metal Powder Assn., show and 
ual meeting, Drake Hotel, Chicago. 


Apr. 26-80, of Teol Engi- 
neers ustrial Convention 
Center, Philadelphia. 


Apr. 27, 0 m Meeting of the Assn. of Con- 
Chemists and Chemical Engineers 
Ine. tel Belmont :Pien New York. 


Apr. 29-May 1, Pacific Northwest Metals and 
Minerals Conference of 1964, joint meeting 
of Metals Branch and Industrial Minerals 
Div., Multnomah Hotel, Portland, Ore. 


Apr. 30-May 1, AIME, New England Regional 
Meeting, Bond Bond Hotel, Hartford, Conn. 


Electrochemical 
Seciety, La Salle 


May 3-5, Coal Convention of the American 
Cengress, Cincinnati. 


May 3-8, International Conference on Com- 
Gasification of Coal, 


Inichar, Liége, 
igium. 


May 9-11, Southeastern Retail Coal 
Annual Convention, Atlante Biltmore Hotel. 
Atlanta, Ga. 


14- AIME, Central Ap lachian Sec- 


May 17- 10. Indiana Coal Merchants Assn., 
Annual Meeting, French Lick, Ind. 


May 24-25, Ohie Coal Conference, Annual 
vention, Neill House, Columbus, Ohio. 


May 24-27, Symposiam on Instrumentation 
poo © Hygiene, University of Michigan, 


eS 26-28, Southern A Industrial 


hibit, Bluefield, W. 


May 27, Central Pennsylvania Coal Producers 
Assn., Penn-Alto Hotel, Altoona, Pa. 


June 4, Sandy-Elkhern Coal — 
Assn., BS Meeting, Lexington, ° 


14-18, 8 aU. Congress of 
“Appia, Mech. Mesting, University of Mich 


June #0-24, American Society of Mechanical 
Engineers, Wm. Penn . Pittsburgh. 


June 20-25, American Institute ef Chemical 
Engineers, nuclear energy 
sity of Michigan, Ann Arbor, M 


June 23-26, American Coal Sales Assn., An- 
nual Convention, Colorado Springs, Colo. 


June 25-26, 1954 Re 
ference on Clays ad 
University of Ca x. Berkeley, Calif. 


Aw. 2-12, one, Convention, Pan American 
ederation Engineering Societies, Sao 
Paulo, Brasil 


Be Congress, Civis 
uditorium, San Francisco. 


24, AIME, Beneficiction Div., 
‘all Meeting, San Francisco. 


Oct. 5-0, AIME Industrial Minerals Div., 
Fall Meeting, Whiteface Inn, Lake Placid, 


onal Con- 


N. ¥. 
Oct. 28-20, AIME, ASME Fuels Conference, 
William Penn Hotel, Pittsburgh. 


Oct. 20-30, AIME, Industrial Minerals Div., 
Rocky Mountain Region Industrial Minerals 
ga Salt Lake City. Registration 


18-18, 75th Anniversary Meet- 


ton, Chicago. 
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SECTIONAL DRILL RODS 
with Ring-Seal SHANKS 


1” hex and 1%” round. Manvfectured by 
and shock resistance in our own heat-treating 
furnace that's unique in the industry. 


more new products 
GARDNER-DENVER 


for use with... 


SFH99 
BLAST HOLE DRILL 


SINCE 1859 


GARDNER-DENVER 


THE QUALITY LEADER In couvekesuan PUMPS AND ROCK DRILLS 
FOR CONSTRUCTION, MINING, PETROLEUM AND GENERAL INDUSTAY 
Gardner-Denver Company, Quincy, Illinois 
In Ceneda: Gerdner-Denver Company (Canada) Lid., 14 Curity Avenue, Toronto 16, Ontarie 


: 
4 
; 
a 
4 Wagon Drills 
* 
A fast driller with exclusive 
Gardner-Denver features (Patents Pending) 
that assure superior performance 
on deep hole drilling. 
or with... i j 
\ 
{ \ 
5 
\ 


MIDGET IMPINGER 


When you put this dependable instrument on the trail of dust 
hazards, you are assured of accurate samples of particulate matter 
for analysis by the counting method. Compact and self-contained, 
the M.S.A. — Impinger samples at the rate of 1/10 cubic 
feet per minute by the widely recognized impingement method. 
The integral hand operated pump permits unhampered opera- 
tions. You'll find the Impinger an invaluable aid in dust control 
and survey work. Write for Bulletin No. CT-6. 


M°S-A DUST-VUE MICROPROJECTOR 


To get the story contained in the collected dust 
samples, the M.S.A. Microprojector shows dust par- 
ticles magnified 1000 times in size on a ruled trans- 
lucent screen. This permits rapid, easy counting of the 
dust particles in the 
sample—also shows 4 
the particle size. This 
method greatly simpli- 
fies counting, relieves 
eye-strain, and assures 
accuracy. Write for 


bulletin No. CT-7. 


M-S°A DUSTFOE #55 RESPIRATOR 


Here’s the modern respirator that dusts are not significantly more toxic 

rates tops in acceptance value. Users than lead. 

like its lightweight comfort; its 

streamlined design that avoids blind- Write for complete details on this 

spots; its easy breathing quality. U.S. Bureau of Mines Approved res- 
sers know, too, that the Dustfoe’s Pry - - » or call your nearest 

effective filtering action gives maxi- .S.A. representative for a practical 

mum breathing protection where demonstration. 


4 
‘ 


